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PASTEUR: A STUDY IN GREATNESS 


By PROFESSOR FERNANDO WOOD MARTIN 


RANDOLPH MACON WOMAN'S COLLEGE 


(ee is a matter of judgment. The degree of worth ac- 
corded anything whatsoever is determined solely by the intel- 
lectual and moral content of the individual, or the age, that plays the 
1dle of judge. We speak of great architects, musicians, orators, paint- 
ers, poets, sculptors, soldiers, statesmen; and cite as examples such men 
as Wrenn, Beethoven, Demosthenes, Raphael, Homer, Angelo, Cesar, 
Bismarck. These men, I say, were great. Why do I say so? Well, the 
world has pronounced them great. But you ask me, “IIave you no 
grounds for formulating an opinion of your own?” Oh, yes, I have 
heard rendered the music of many composers; seen the masterpieces of 
many artists, and soon. And the achievements of none appear to me to 
surpass those of the men whose names I have mentioned. Perhaps you 
would name another in each line whom you hold to be more illustrious. 
You ask me then— Is there no objective absolute standard by which 
the achievements of men may be definitely measured?” I answer 
** None.” 

You stand before Michel Angelo’s “‘ Moses” in the church of St. 
Peter in vinculo at Rome. “This” (you say) “is the finest statue in 
the world!” Please enlighten me as to the manner by which you have 
reached vour decision. I grant at once that the judgment of the critics 
coincides with yours; but, of course, you are uninfluenced by that fact. 
“Ts it” (I ask you) “because the statue is a true representation of a 
real person and event?” You answer—‘‘ No, oh no! But it seems to 
me that a man who dared the wrath of the most powerful potentate in 
the world; who wrestled with desert, and famine, and pestilence to 
shape the beginnings of a nation; who talked face to face with God— 
would have looked like that!” Ah, now you have found the standard 
of greatness; and you perceive that it is an ideal thing. 
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This being true, is it not remarkable that such unanimity of agree- 
ment should have resulted from its application? It appears to predi- 
cate the existence of a racial concept of greatness. Undoubtedly this 
racial idea exists. Philosophers of esthetics have troubled themselves 
not a little to account for its origination. While considering this 
elusory problem, the following solution has occurred to me. I offer it 
as an hypothesis. 

An investigation of the specific works accomplished by men ranked 
great reveals a curious fundamental similarity: They all relate to the 
heroic. That is to say they are either actual deeds which relieved an 
individual, a community or a nation from danger, or they commemorate 
such deeds in a masterly way. The favorite theme of poets has always 
been “arms, and the man.” And painters and seulptors have immor- 
talized men whose acts furnish the implied answer to the query of brave 
Horatius, the keeper of the gate: 


Hiow can a man die better than by facing fearful odds, 
For the ashes of his fathers and the altars of his gods? 


By this analysis, the statesman is but the warrior who, with intelleet 
as weapon, defends his nation. 

If we consider the evolution of human society, it is not difficult to 
understand how this conception of greatness has grown up and estab- 
lished itself in the subconscious racial mind. 

Back yonder in the gray and murky dawn of time, man was not that 
we see him to-day. Then, indeed, the conditions were exactly reversed ; 
and man—puny, naked, defeneeless—cowered in caves, or wandered 
miserably about seeking the sustenance which his nature demanded, but 
for the winning of which he was more illy equipped than the beetle that 
he ernshed beneath his heel. Behind every rock, in every bunch of 
herbage, in every stream and pool, in the air he breathed, in the clouds 
that rolled above his head, in the glare of the sun, and in the gloom of 
night lurked death and a thousand dismal terrors. 

That the human species escaped extermination at its very beginning 
is a marvel, and due solely to the one point wherein man is superior to 
other animals, namely, greater development of the frontal brain wherein 
he the centers of memory and language. Jn that primitive society 
were some who remembered what things were good for food and where 
to be found; and so provided against death by poison and famine. 
Some devised protection against carnivorous animals or enemics of 
their own kind. These became head men. And, on account of their 
superior knowledge or prowess, they were esteemed while living and 
revered when dead. The memory of their deeds lived after them in 
song and story. And so they were gradually transformed from men 
into heroes and, later, into gods. 

Oliver Wendell Holmes, alluding to the influence of heredity, said 
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“We are but stage-coaches in which all of our ancestors ride.” By 
listening attentively we can hear at any time “ ancestral voices prophe- 
sying war.” This is why the heroic, in act or representation, moves us 
so profoundly. And this is my explanation of our racial ideal of 
greatness. 

The man whose life sketch I now lay before you differed apparently 
from the traditional hero as widely as the dove from the eagle. He was 
no sower of dragon’s teeth. Instead of sending sword and fire on every 
side, life, health and prosperity attended his career as the beneficent 
effects of light accompany the sun. And yet the recital of his bloodless 
wars and peaceful victories touches the same chords and thrills us with 
the same emotions as do the exploits of an Alexander. 

Louis Pasteur was born at the village of Arbois, near Dole, in the 
provinee of Jura, France, on the twenty-seventh day of December, 1822. 
He died at St. Cloud, near Paris, on the twenty-eighth of Septem- 
ber, 1895, 

Like Napoleon, Pasteur was the first ancestor of his stock. His 
grandfather was a serf who purchased his own freedom. His father was 
a tanner who rose to no higher rank than sergeant in the service of the 
first consul. But he was a man of ability and fine instincts. Believing 
in the capability of his child to achieve something in the world, he 
studied diligently in order to assist the lad with his primary studies, 
and conducted his household with an economy that touched closely upon 
sacrifice that thereby a collegiate education might be made available for 
his son. 

At fourteen, Pasteur was sent to College of Besancon. He re- 
mained there but a half year. Translated suddenly to a wholly strange 
environment, the shy country boy suffered so much from homesickness 
that he made little progress in his studies; and his health became so 
affected that his life was actually endangered. His father was com- 
pelled to bring him home. And now for the first time the self denial 
which had been practised on his account became apparent to the youth. 
Filled with an agony of shame that he should have so illy requited the 
love of his family, he resolved that he would spare no resource of his 
being in an endeavor to retrieve the consequences of his childish folly. 
The next year he requested his father to enter him at the home college 
of Arbois, a rural lycée little better than a grammar school. 

Here he studied diligently, but received no instruction in the sub- 
jects which appealed to his nature. The old master assigned to teach 
the sciences frankly acknowledged that he knew nothing about them. 
But he allowed the young student access to the limited equipment; and 
young Pasteur spent much time in laboriously teaching himself some of 
the elementary principles of physics and chemistry. His teachers con- 
sidered him slow. Drawing was the only subject in which he attained 
“honorable mention.” 
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However, the head-master, Romanet, appears to have possessed more 
discernment than the rest of the faculty; for he frequently engaged 
young Pasteur in private talks in which he endeavored to arouse in him 
the ambition to prepare for teaching as a career. 

At graduation, he was offered the position of preparation assistant 
or coaching tutor to the younger pupils, a post which carried the munifi- 
cent salary of 300 frances per annum with board and lodging. He ac- 
cepted the position gladly; and, with charming modesty, expressed the 
conviction that the salary was much beyond his deserts. 

Small as his salary was, still he managed to save out of it something 
to help educate his sisters. Meanwhile he worked hard on the studies 
required for his B.S. degree, a prerequisite to his entering the Ecole 
Normale Supérieure at Paris. On this examination he was graded 
“ mediocre” in chemistry. 

Pasteur had thus far been a hard student; but he does not appear to 
have been an enthusiastic one till he had been for some time at the 
Ecole Normale under the instruction of Balard, the discoverer of bro- 
mine, who was probably the only rea] teacher he ever had. 

But even in this highest school for the training of professors af- 
forded by the France of that day, the scientific equipment was so meager 
that only a few simple experiments were allowed for repetition by the 
students of chemistry. An incident in this connection will show the 
stuff that Pasteur was made of. Not content with being told how phos- 
phorus is prepared, he bought some bones, calcined them, treated the 
calx with sulphuric acid, distilled the product with charcoal, and placed 
the distillate in a vial neatly labelled phosphorus. This was his first 
scientific joy. His comrades dubbed him “ the laboratory pillar.” 

About this time he was shown a sample of a strange new acid of the 
same composition as tartaric acid, but manifesting strikingly different 
physical characteristics. lis curiosity was intensely aroused. 

Tartaric acid had been discovered in the “ tartar ” of wine casks by 
Scheele, of Sweden, in 1770. Thann, an Alsatian manufacturer of 
tartaric acid, discovered some of the anomalous variety in the output of 
his factory in 1825. He was unable to reproduce it. It was studied by 
Gay Lussac and Berzelius in 1826. The latter proposed for it the name 
of paratartaric acid; the former suggested that it be called racemic 
acid. Mlitscherlich, of Berlin, in 1844 reported it as isomorphic with 
tartaric acid; and discovered that while the latter rotates a beam of 
polarized light to the right, racemic acid is inactive in this respect. 

These were the facts brought to Pasteur’s attention at the time when 
he was shown a specimen of the acid. Although immensely interested 
in the mystery presented by racemic acid, he put it aside, resolving to 
take it up when through with the final examination of his course of 
study, an ordeal for which he was just then preparing. 
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His usual examination fortune attended him upon this occasion. 
His classmates, who were wise in their generation, merely cramming 
for the test, came through with flying colors while his name appeared 
near the bottom of the list. And in the state examination which fol- 
lowed, his name was put next to the last. Apparently his not being re- 
jected was due solely to the excellence which he displayed in the prae- 
tical phase of the examination wherein the candidates went through the 
form of actually teaching a class. The lessons in physics and chemistry 
given by Pasteur caused the jury to declare “he will become an excel- 
lent teacher.” 

He was appointed laboratory assistant to Laurent, the first to for- 
mulate an hypothesis of the substitution of hydrogen in hydrocarbons. 
This theory was elaborated, and enunciated in its final form, by Dumas 
in 1834. At this time, Laurent was working on sodium tungstate. 
One day he showed his assistant, under the microscope, some crystals of 
this salt supposedly pure but which manifested three distinct forms of 
ervstallization. Pasteur began at once to learn how to use the goniom- 
eter. In order to master its technique, he made elaborate measure- 
ments on all easily crystallizable tartrates, thus revealing the fact that 
his curiosity concerning the two known tartaric acids had remained 
lively throughout the preceding two years. 

In the meantime he was working toward the doctorate, which he 
achieved August 23, 1847, on the strength of two small papers, the one 
entitled “Researches on the Saturation Capacities of Arsenious Acid: 
A Study of the Arsenites of Soda, Potassa and Ammonia,” and the 
other “A Study of the Phenomena Relative to the Polarization of 
Liquids.” 

He himself said of these papers, “ They are elementary, and little 
more than programs for future work.” Again he attained but poor 
ranking. 

Te now desired to study in Germany; but poverty frustrated his 
plans. On March 20, 1848, he read before the Académie des Sciences a 
part of a paper on dimorphism which was little more than a catalogue 
of all known substances crystallizing in two forms. Of itself, one 
might say that it was almost valueless. But to the student of Pasteur’s 
life it was a proof that his work on the tartrates was still being prose- 
cuted; and it afforded an index pointing out the tenacious purpose and 
the resolute will of the man. 

After a flash of republican ardor in 1848, in which he not only vol- 
unteered service but also contributed to the cause all his savings, 150 
francs, he returned to his crystals, and soon had the fortune to discover 
hemihedrism in the tartrates, a fact that had escaped the scrutiny of 
Mitscherlich and of Provostaye. 

So far as his investigations showed, all crystals of tartaric acid had 
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hemihedra] faces; but he had found none on the racemates. Conceiving 
that this aspect of erystals might be an index of their molecular struc- 
ture, he reasoned that the diverse optical behaviors of solutions of tar- 
tarie and racemic acids might be explained by a structural Jaw. On 
fire with this new idea, he carefully examined a lot of tartrate crystals, 
and found, as he had anticipated, that each had hemi-hedral facets. He 
turned now to racemate crystals, expecting to find them destitute of 
hemihedrism. Imagine his disappointment, therefore, upon finding 
that here also each crystal distinetly displayed hemihedrism. But upon 
laboriously going over his work again he discovered a fact that had 
previously escaped his notice, namely, that the half-form facets of tar- 
taric acid were all turned toward the right while those of the racemates 
were half right-handed and half left-handed. A new idea flashed into 
his mind. Carefully picking apart the two kinds of racemate erystals, 
he made a solution of each and, with anxious mind and throbbing heart, 
applied the polariscope. The solution of right-handed crystals deflected 
the beam to the right. They were pure tartaric acid. The solntion of 
left-handed crystals deflected the beam to the left. They were a new 
acid—levo tartaric acid. He mixed his solutions in eqnal proportions. 
The mixture did not affeet the beam. Jt was racemic acid. 

Tis excitement was so great that he could not look through the in- 
strument again. Like Archimedes, he exclaimed “I have found it,” 
and rushed into the corridor, where he met an assistant whom he em- 
braced in a transport of joy. 

This was one of the most illuminating diseoveries known to the his- 
tory of chemistry up to that time. Measured by its ultimate results, it 
is doubtless the most far-reaching discovery ever made. Developing in 
one direction, it was the germ of a new science—stereo-chemistry ; in 
another it transformed medicine and agriculture from empirical prac- 
tises into true sciences; and ineidentally it enriched the world by a 
number of other discoveries of nnparalleled practical value. Done at 
the age of twenty-five, this first great work of Pastenr’s was a prophecy 
of that brilhant career throughout which he continued to manifest the 
same marvelous capacity for seeing the unseeable. It led to his ap- 
pointment at once as professor of chemistry in the college of Dijon. 

Finding that the duties of this position consumed all his time in 
teaching, he asked the government for a transfer to some place which 
would adinit of his going on with research. Quite unexpectedly to him- 
self, he was sent at the beginning of 1849 to the University of Stras- 
burg to relieve Bersoz, professor of chemistry there, who desired to go 
to Paris. 

Realizing fully the value of the vein he had discovered in tartaric 
acids, he directed his energies along that line. He had found out what 
para-tartaric, or raceme, acid is; but neither he nor any one else knew 
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its origin. He now undertook the discovery of this. In 1852 he visited 
all the factories of tartaric acid in Germany and Austria, endeavoring 
to trace the production of racemic acid to its source. He ascertained 
that the manufacturers generally had an idea that racemic acid was 
either potassium or magnesium sulphate, and consequently rejected it 
in the process of refining tartaric acid. This accounted for the limited 
quantity which had accidentally found its way to the market. As most 
of the tartars came from the south of Europe, and had heen subjected 
to a preliminary rectification before shipment, it was further evident 
that but a moiety of racemic acid ever reached the factories. He pushed 
on his enquiries, visiting factories and vineyards until he positively lo- 
eated it in the crude tartar, where he found, as he had anticipated, that 
it was produced abundantly simultaneously with tartaric acid in the 
fermentation of wines. He wrote of this quest “ Never was treasure 
sought, never adored beauty pursued, with greater ardor.” 

Having located the natural source of racemic acid, Pasteur next 
undertook to synthesize it from tartaric acid. This appears an easy 
problem in light of what every student now knows of the methods for 
effecting hydration, for constitutionally racemic acid differs from tar- 
taric merely in possessing water of crystallization. In June, 1853, he 
was able to announce the completion of this great work, which had 
been accomplished by maintaining cinchona tartrate at a high tempera- 
ture for several hours. This synthetic product was also optically mac- 
tive. Jt is known as meso-tartaric acid, and is the fourth form of the 
series. This research brought its author the grand prize of the Académie 
Frangaise, and the ribbon of the Legion of Honor from the government. 

Looking now at the tartaric acids, Pasteur’s mind took a wider 
sweep. He saw that they were typical of all living things, which pre- 
sent asymmetry everywhere, and that they themselves were products 
of a form of life. 

While engaged upon the racemates, he had found that the dextro- 
erystals alone were altered by fermentation, the levo-forms remaining 
unchanged in the liquor. “ The reason for this,” said he, “can only be 
because this special ferment feeds, so to speak, more easily on the dex- 
tro-forms.” 

We pondered this problem long before he saw his way clear to its 
solution. At the same time he sought to unravel the indicated physio- 
logical significance of chemical affinities. 

In September, 1854, Pasteur was appointed professor of chemistry 
and dean of the new faculty of sciences at Lille. Upon taking up his 
duties, he was greatly hampered at first by lack of facilities. The con- 
ditions which he encountered would have disheartened any other man. 
The scientific equipment consisted of a coke-heated stove with which 
his room was warmed and one student’s microscope. This institution 
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had recently been established by the municipality for the promotion of 
its industries, which were largely associated with alcohol. 

Pasteur at once began the study of fermentation. This was a field 
which lay enshrouded in darkness with the exception of one tiny ray of 
light. In 1836, Cagniard de Latour had remarked that yeast, the fer- 
ment of beer, was composed of cells which were capable of reproduction 
by a sort of budding. He expressed the opinion that this microscopic 
plant probably acted on sugar by some sort of vegetative effect. A 
similar observation was made about the same time by Schwann, of 
Germany. 

Pasteur set himself the problem of solving the mystery of fermen- 
tation. His notes show that he commenced by projecting an hypothe- 
sis associating fermentation with the dimorphism he had discovered in 
tartaric acid, which must have been caused in some way, he thought, by 
the action of a ferment on the grape juice. 

Berzelius, whose ideas then reigned supreme in chemistry, was of 
the opmion that fermentation is a catalytic process. He gave it as his 
opinion that what de Latour believed that he had seen was organic 
matter precipitated by the process of fermentation, presenting forms 
analogous to vegetable life. Lichig’s explanation was equally mystic. 
He defined fermentation as “action due to influence.” Ile held the 
opinion that a ferment is a mass of organized matter set free from 
yeast cells by their death and consequent rupture. Such matter he 
supposed to consist of unstable molecules which in the act of changing 
into new molecular arrangements liberated energy which in turn con- 
verted molecules of sugar into molecules of alcohol. 

Uninfluenced by the metaphysical speculations of these great scien- 
tists, Pastenr held to the sure road of experimentation. In August, 
1857, he discovered the fermentative organism which sours milk and 
produces lactic acid. The same year he was transferred to the Hcole 
Normale Supérieure at Paris. The next year he discovered that glycer- 
ine and succinic acid are both produced simultaneously with ethel 
alcoho] when sugar is fermented. 

That Pasteur lost no implication of any phase of his researches is 
shown by a letter to his friend Chappuis written in January, 1860. He 
says: “Tam hoping to mark a decisive step very soon in the celebrated 
question of the spontaneous generation of life. Already I could speak ; 
but I shall require the aceuracy of an arithinctical problem. I intend 
to attain even that.” In a letter to his father, of about the same date, 
he says: “ These results open new vistas to physiology. God grant 
that by my persevering labors J may bring a little stone to the frail and 
ill-assured edifice of our knowledge of those deep mysteries, life and 
death, where all our intellects have so lamentably failed.” 

The belief that ving creatures of both usual and unusual types are 
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continuously being spontaneously generated about us is very ancient in 
origin. It originated in the superficial observations and non-scientific 
explanations of our ancestors, and was perpetuated by the authority of 
great leaders, such as Aristotle and Augustine. Aristotle, whose ideas 
dominated the world for two thousand vears, states explicitly that liv- 
ing beings are generated spontaneously from decomposing carcases. 
St. Augustine fulminates against the atheism of any who dare deny 
the doctrine, and cites what he considers irrefutable proofs of it. The 
alchemists gave recipes for the creation of various animals. Thus, Van 
Helmont gravely tells us, “ You need only close up a dirty shirt with a 
measure of wheat in order to sce mice engendered in it—the strange 
offspring of the smell of the wheat and the animal ferment attached to 
thershairt 

However, the more careful observation of a later period had cast 
discredit upon the traditional view. Thus, it had been shown irre- 
futably that the stock-proof of the spontaneous generationists—the ap- 
pearance of maggots in decaying organic matter—was due to the hatch- 
ing of flies’ eggs. But the invention of the microscope, with its revela- 
tion of millions of minute forms hitherto unsuspected, revived the 
doctrine. 

The lapse of a year after the letters cited above enabled Pasteur 
to announce, “Of gases, fluids, electricity, magnetism, ozone, things 
known or things occult—there is nothing, in the air, conditional to hfe 
except the germs it carries.” 

This dietum was at once fiercely attacked by the generationists who 
ineluded in their party savants of European fame, the most notable 
heing Bastian, of London. The discussion held the almost breathless 
attention of the newspaper-reading world, and ended some vears later 
in Pasteur’s trimmphant demonstration of his thesis. 

You can readily imagine that this research was not prosecuted by 
Pasteur beeause of its mere academic interest. He appended to his first 
paper, quoted above, this querv—* What could be more desirable than 
to push these studics far enough to prepare the road for a series of re- 
searches into the origin of various diseases?” 

In 1861 Pasteur discovered the ferment of butyric acid. In the fol- 
lowing year he discovered the ferment of acetic acid, and showed that 
microbes could be distinguished into two grand classes—aerobes and 
anaerobes. ‘The Academy of Sciences, which had rejected his name 
when offered for membership upon several previous occasions, could not 
longer refuse to honor a man whose fame was now world-wide. He was 
elected a member at the end of 1862. 

The manufacturers and dealers in fermented liquors had always 
heen subjected to annoyance and loss by their inability to make wines 
and beers of uniform standard and to keep them in the condition in 
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which they were put upon the market. Alterations were constantly 
taking place in these articles, due, it was supposed, to certain “ dis- 
eases.” Inasmuch as these wares represented a large share of the 
wealth of France, Pasteur was urged to investigate this matter. He 
commenced this research in 1864. 

The ensuing year, an outbreak of cholera called his attention to that 
disease, and he studied it with a view to finding a bacterial cause for it, 
but without result. In the meantime, he was investigating a pestilence 
of silk worms which was proving so destructive as to threaten the silk 
industries of southern Europe with extinction. He was quite success- 
ful with this, and was quickly able to devise a method of combating it. 

Doubtless the strain incident to the many and great investigations 
being sunultaneously pushed by him during the three years, 1865 to 
1868, was responsible for a series of paralytic shocks, the first of which 
struck him October 10, 1868. While thought to be hopelessly ill and 
incapable of rational thinking, he insisted upon dictating a method of 
dealing with flacheric, a second silkworm disease which had been dis- 
covered by him in the course of his research on the silkworm pestilence. 
His treatment for flacherie proved to be a complete success, also. He 
recovered from this attack, but was physically lamed for the rest of his 
life. Althongh crippled in body, the work accomplished by him during 
his remaining twenty-seven years was not only stupendous in amount, 
but of transcending importance to mankind. I doubt if the example 
afforded by the heroie labors of the paralyzed Pasteur can be matched 
from the annals of all time. 

By the close of 1871, he had shown that the “ diseases” of wines 
and beers were caused by certain bacteria, all of which might be killed 
without injury to the product by heating it for a few minutes at a tem- 
perature of 50°-60° C.; and that if hermetically sealed at this tem- 
perature the liquors might be preserved perfectly for an indefinite 
period. 

These studies had now thoroughly convinced their author that all 
diseases are of bacterial origin—a conception, you will recall, which 
had first come into his mind by a flash of genins ten years before. In- 
deed, four years prior to this (1867), Pastenr’s researches had con- 
vinced a British surgeon, Joseph Lister, of Edinburgh, of the microbic 
origin of those purulent infections which accompany wounds and surg- 
ical operations. And although himself unacquainted with bacteriology, 
he suecessfully devised the method of asepsis which has made his name 
a household word. 

Before the close of 1875, Pasteur finished the solution of that great 
problem begun at Lille nineteen years before—the mystery of fermenta- 
tion. It is this: Certain bacteria, living at the surface of sugary fluids 
cause no fermentation, because they secure the oxvgen which they need 
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from the air. They are aerobic. But if sunk, by accident or otherwise, 
beneath the surface they must either perish or adapt themselves to their 
new environment by extracting oxygen from the nearest source of 
supply. This is the sugar of the solution. They are able to accom- 
plish this but slowly at first, and the bulk of the first submerged bac- 
teria suffocate. But reproducing rapidly by budding, ensuing genera- 
tions are gradually but, for us, rapidly converted into true anaerobes, 
which, robbing the sugar molecules of oxygen, cause that chemical 
change called fermentation. 

This problem solved, Pasteur was able to show from it the following 
results of his work: (1) Precisely what fermentation is, (2) that fer- 
ments are living organisms, (3) that every variety of fermentation is 
caused by a special ferment, (4) that neither bacteria nor any other 
life forms are spontaneously generated, (5) how to prepare culture 
media suitable to the growth of various bacteria, (6) how to propagate 
pure cnitures of bacteria, (7) a basis of classification of bacteria, 
(8) the chemical and microscopical technique of bacteriology, (9) the 
cause and cure of various “ diseases”? of fermented liquors, (10) the 
cause and cure of various silkworm diseases, (11) an explanation of the 
mystery of the optical behavior of tartaric and racemic acids, (12) two 
new tartaric acids (13) how to synthesize meso-tartaric and racemic 
acids, (14) how to make racemic acid available to commerce. 

In comparison with this great work of Pastenr’s, the classic example 
of persevering genius—Newton’s fourteen-year pondering over falling 
bodies—sinks into insignificance, no matter how considered, cither as 
to time involved, the difficulties encountered, or the practical value of 
results obtained. Nor must one fail to note that incidentally Pasteur 
had beaten ont a road into a new world and created two new sciences 
which were to serve as vehicles for its exploration and exploitation. 

Pasteur’s health had been so impaired by these arduous researches 
that he was now compelled to give up his professorship. As he was 
entirely without private resources, his colleagues exerted themselves 
upon his behalf, and succeeded in obtaining for him from the govern- 
ment, in 187-4, an annual pension of 12,000 francs, the equivalent of the 
salary he had previously received. 

His friends now urged him to abstain from work; but his genius 
could not endure inaction. THe began the study of anthrax and ferun- 
cular diseases. While these studies were in progress, the bubonic plague 
appeared in Russia, and the yellow fever began to work havoc in the 
French colonies on the west coast of Africa and in the United States. 
Pasteur prepared a program of preliminary researches upon them. A 
paper to the Académie des Sciences presented December 30, 1878, 
closes with these words: “Is it not permissible to believe that a day 
will come when easily applied preventative means will arrest those 
scourges which suddenly desolate and terrify populations.” 
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In 1879, he isolated the microbe of feruncles, and in 1880 those 
responsible for anthrax and chicken cholera. His studies had demon- 
strated the faet that every infectious disease thus far investigated was 
produced by a specific microbe; and, further, that such microbes culti- 
vated under certain detrimental conditions become attenuated in patho- 
genie activity, still capable of producing a mild form of disease in an 
animal inoculated with them, but occasioning immunity to further at- 
tack. Such cultures of microbes of attenuated virus are vaccines. 

Prophylactic vaccination had, of course, been known in an empirical 
way prior to this in connection with small-pox. But these researches 
of Pasteur’s afforded the first explanation of that procedure, and in 
addition cast a flood of light upon the etiology of disease. They firmly 
established the germ theory, ushered in a scientific practise of medicine 
and sent to limbo a thousand pious superstitions about demoniacal pos- 
sessions and the mysterious visitations of an all-wise Providence that 
doeth all things well. For these researches, the imperial government 
conferred upon him the eross and cordon of the Legion of Honor. 

During the years of 1880, 1881, 1882, Pasteur gave his attention to 
hog cholera, rabies, pneumonia in eattle, the bubonie plague, yellow 
fever and typhoid fever. Of these six diseases he was able to earry to 
complete success his researches on the first three only. In 1881, a ship 
having come into Bordeaux from Senegal with several cases of yellow 
fever on board, he went thither, hoping for a favorable opportunity to 
study it at first hand. He was not permitted to do so. But his obser- 
vations convinced him that this fever is not contagious. 

Before the close of 1885, he had isolated the microbe of rabies, pre- 
pared its vaecine and perfected the method of treatment. This was a 
disease which cansed not merely considerable property loss and suffer- 
ing, it imbued the popular imagination with a dread but little less than 
the terror occasioned by a pestilence. 

As despite the researches of hundreds of bacteriologists one may 
still hear it asserted that rabies is an imaginary disease, some statistics 
may not here be ont of place. Accurate aceount of 320 cases of persons 
hitten by mad dogs prior to Pastewr’s work in this field, showed a mor- 
tality of 40 per cent. The first 350 cases treated by his method fur- 
nixhed but one death, that of a little girl brought to the hospital in such 
condition and so late that Pasteur pronouneed the case hopeless from 
the start, and only undertook it for humanity’s sake. After the treat- 
ment had been given in 1,726 cases there had been hut ten deaths. 

The conquest of rabies was the last great work accomplished. per- 
sonally by Pasteur. Reattacked by paralysis in 1888, he could thence- 
forth prosecute his ideas only by the labor of other hands. But he had 
a host of disciples in Europe and Ameriea, some of whom had studied 
under his personal guidance, but many more who, without having seen 
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the great master, had nevertheless lighted their torches at his flame. I 
know of no surer index of a man’s greatness than the measure of in- 
spiration imparted by him. 

Already Gayon had proved the bacterial cause of the decay of eggs. 
Koeh had isolated the bacilli of tuberculosis and cholera. ‘Traube had 
shown the like cause of ammoniacal fermentation ; and upon the knowl- 
edge thus given, Van Tieghem and Gayon had devised their well-known 
treatment of diseases of the urinary organs. Lister had introduced 
asepsis, prior to which hospital statistics showed a mortality of 68 per 
cent. of cases of puerperal fever, gangrene and septicemia generally 
incident to surgical operations. Accounts of surgical wards of army 
hospitals during our own civil war, typieal, of course, of all that had 
preceded, with their perpetual agony, suppuration and horrible odors, 
read like a nightmare of insanity. A noted surgeon-teacher of that day 
said to his students, “‘ When an operation seems necessary, think ten 
times about it; for too often when we decide upon an operation we sign 
the patient’s death warrant.” Another said, “ IIe who shall conquer 
purulent infection will deserve a golden statue.” 

But to resume our catalogue: Behring and Nitasato, investigating 
lock-jaw, had discovered the microbe of tetanus, and ascertained the 
curious fact that although the patient was constitutionally affected the 
microbe was localized to the wound. ‘They further found that the 
systemic effect of the disease was due to a toxin produced by the bac- 
terium which was likewise fatally affected by the toxin. So that di- 
luted solutions of the toxin not only constituted a remedy for the dis- 
ease, but also a prophylaxis when adiministered in advance of infection. 
This was the first of the series of remedies known as anti-toxins. 

Utilizing these results in the study of diphtheria, the combined 
labors of Richet and Herieo, Roux and Yersin, Klebs and Loeffler, 
eventuated in 1894 in complete mastery of this disease, whose investi- 
gation had been inaugurated by Pasteur a dozen years before. Prior to 
the antitoxin method of treatment, diphtheria had justly been regarded 
as one of the worst seourges of our race, claiming a death-toll of 60 per 
cent. of all cases, and frequently leaving the survivors seriously injured 
for the remainder of their lives. At present, the mortality is about 
four per cent. And vaccination with the serum rendering the recipient 
immune to the disease for a period of about two months, epidemics of 
diphtheria may he entirely prevented by utilizing this prophylactic 
measure. 

Closely connected with these researches on tetanus and diphtheria 
was a remarkable research brought out about this time by Metchnikoff, 
one of Pasteur’s Russian pupils, in which he discovered the réle of leueo- 
phytes, or white corpuscles of the blood. It appears that they consti- 
tute, so to speak, an armv of defense. attacking and © eating up” in- 
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vading microbes, thus explaining, by the principle of auto-vaccination 
or auto-toxination, why an individual may at certain times be immune 
to contagious disease. 

And here, permit a parenthetical word upon vivisection. This vast 
amount of research had entailed much experimentation with living 
animals; and, as might have been foreseen, certain false humanitarians 
raised a great outery about it. In England this went so far as to lead 
to the enactment of an antivivisection law, since repealed, I believe, 
although organized societies there, and on the continent, and i Amer- 
ica still carry on an agitation. Jfowever kind the surgeon or pathologist 
may be, he can not avoid inflicting some pain in his efforts to prevent 
more. Nor can it have escaped your observation that, no less than man, 
the lower animals profited from these discoveries which could not have 
been made in any other way. It is also worthy of note that no anti- 
vivisectionist has ever offered to sacrifice himself for the good of hu- 
manity. The colleagnes of Pasteur testify that he always used anes- 
thetics in his work on animals and at such times evinced the most acute 
sympathetic suffering; only the end in view gave him courage to go on 
with the experiment. Te said of himself that he could never have the 
heart to shoot a bird for sport. 

Pastem’s discoveries were epoch-making, and revealed in him the 
Copernicus of medicine. Prior to his researches, the causes and ra- 
tional treatment of disease were no better understood than in the stone 
age. Naturally, his conclusions were not accepted by medical men till 
every possible opposition had been exhausted. Physicians resented in- 
struction from a man devoid of medical training. “A mere chemist” 
was the sneer most frequently on the lips of his adversaries. When they 
could no longer deny the existence of microbes, adherents to the old 
school still vehemently asserted that they were merely an epiphenom- 
enon. I recall a cholerie colleague of my own in the faculty of a medical 
college where T was teaching twenty years ago, who in the heat of debate 
was wont to call out loudly—* Bring on your microbes. Tl] eat a pint 
of any variety!” Fortunately for him no one took him at his word. 
The distinguished Professor Pettenkofer, of Munich, having made the 
same remark concerning Koch's bacillus of cholera, he was supphed 
with the beverage—and actually drank it. TLeroic efforts of physicians 
enabled him to keep his sou] between his teeth, and after recovery he 
had the manhood to publish an admission of error. 

In 1880 Ifuxley estimated that the practical results of Pasteur’s 
discoveries had vielded France a return in excess of the war indemnity 
wrested from her a decade before—one billion franes. It is safe to as- 
sert that at present they represent to the world not less than that sum 
annually. And how shal} an estimate be made of the relief of suffering 
and the preservation of life ? 
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In 1894 Pasteur’s former pupil, Yersin, isolated the bacillus of the 
bubonic plague, and had the pleasure of exhibiting it to his old master. 
“ There is still much to do!” said Pasteur with a sigh. His health con- 
tinued to fail steadily till September 28, 1895, when a final hemorrhage 
quenched forever the most brilliant mind ever bestowed upon a member 
of the human race. 

Pasteur died a poor man, although, had he so chosen, he might have 
aggrandized himself beyond the dreams of avarice. But, considering 
that his ideas were heaven-sent, he bestowed them freely upon the 
whole world. 

I can not find more suitable words with which to close this paper 
than those addressed by Pasteur to the students of the University of 
Edinburgh in 1884 upon the occasion of his visit there for the purpose 
of receiving the degree of doctor of laws from that ancient foundation. 
“Young gentlemen, work perseveringly. Work can be made into a 
pleasure, and alone is profitable to a man, to his country, to the world. 
Whatever career you may embrace, look up to an exalted goal. Worship 
great men and great things.” 
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CONCEALING COLORATION} 
By ABBOTT H. THAYER 
MONADNOCK, N, H. 


bee the last meeting of the American Ornithologists’ Union, in 
- Washington, some forty naturalists looked in broad daylight 
straight at a small stuffed deer that wore from its dorsal line down its 
sides two white stripes in imitation of those of certain African antelopes. 
‘These stripes were in every respect such as Theodore Roosevelt says 
have no concealing virtue of any kind whatsoever.2 Yet they so com- 
pletely concealed this deer in an almost clean-shorn publie park that 
although for each of the forty spectators I pointed straight at the deer 
only ten yards away, not one of them detected it. The animal was 
placed just above the eye-level of the spectator, exactly as African 
antelopes would be above that of the ereeping lions or leopards. And, 
exactly as would commonly be the ease with the antelopes, the white 
stripes absolutely counterfeited the glimpses of the sky-baekground 
seen through the thin half leafless bush that intervened. When the 
white stripes were removed the spectators exclaimed at how clearly one 


*These wholly unretouched illustrations absolutely demonstrate the wonder- 
ful concealing effect of the white patterns that Roosevelt and others say have no 
concealing effect whatsoever. These play, as Roosevelt truly asserts, little or no 
part when the wearer is out on the safe open plain, but seem designed for 
making him the very worst of targets when he tries to dodge the spring of an 
ambushed lion or leopard, especially at night, just as the night hawk’s colors, 
dark and conspicuous to terrestrial eyes through all his safe aerial hunting, 
prove to be an unmistakable picture of his background when at last he squats 
on the bare rock in danger from predatory birds and mammals. No one can 
study these oryx head pictures without perceiving that, against the ground, the 
brown (of course countershaded) head is hard to distinguish, while the black- 
and-white one is very conspicuous. On the other hand, when the same two heads 
are looked at from below, i. e., against the sky, it is the brown one that shows, 
and the brilliant black-and-white one that is now hard to detect. It is of this 
black-and-white oryx head that Roosevelt writes: ‘‘A curious instance of the 
lengths to which some protective coloration theorists go is afforded by the fact 
that they actually treat these bold markings as obliterative or protective.’’ 
Colonel Roosevelt, like the rest of the world, seems never to have thought to 
find out how these patterns look from a lower level, such as lions and leopards 
necessarily see from, they being under three feet tall, while the oryx and zebra 
are nearer five. This great oversight invalidates almost all that has ever been 
written on this subject. 

*<*Atrican Game Trails,’?’ Appendix E, 
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could now see the deer, and all agreed that it was these white stripes 
that had fooled them. Dr. C. Hart Merriam said it was a most con- 
clusive demonstration (though he still believed that such marks exist 
also for purposes of display, under other conditions). 

The way this deer demonstration brings to instant ridicule the 
extraordinarily positive statements of Theodore Roosevelt must set the 
reader wondering about the value of the remainder of his attack. The 
simple fact is that Roosevelt, like most of the rest of the world, is 
totally ignorant of a great optical prineiple which has lain right under 
people’s noses, and to which I have at last called attention, and which 
can not possibly remain ignored. Al] the various objections and doubts 
about our book, ineluding this extraordinary tirade of Roosevelt’s, have 
been possible only because of people’s not seeing this principle. 

The principle’ is, basally, merely this: that 1f you lie on the floor 
you will have not the floor but the ceiling to look at, while if you were 
fastened to the ceiling you would see not the ceiling but the floor. All 
over this planet, and all over every other planet that receives light-vibra- 
tions and possesses detached objects of any sort, either on or above its 
surface, this law rules the aspect of every object in its appearance from 
the view-point of each other object. All such detached objects are for- 
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This diagram shows that Roosevelt is again exactly wrong when he says that to 
the lower-leveled eye of a wolf or cougar, a prongbuck’s white rump shows now 
against the sky and now below it, aecurding to this enemy's distance. If the ante- 
lope’s rump is above the cougar’s eye the same proportion of it will show against the 
cougar’s sky at one distance as at another, 

* Erasmus Darwin perceived this principle, but got confused in carrying it 
out—trying to make it explain the juxtaposition of brown backs and white 
bellies; the white of the bellies being, he thought, nature’s attempt to match 
the white of the sky, for eyes beneath. Of course this under white can not do 
that, being always in shadow, and therefore practically dark brown—utterly too 
dark to match the over-head sky. On the other hand, white patterns on animals’ 
upper slopes obey in every respect the law he foresaw, and operate upon the 
sight of such beholders as look from a lower level, except, of course, when the 
wearer is directly over them. 
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ever between the overhead light which is their ceiling, and the under- 
foot earth which is their floor. The higher you mount from the earth, 
and consequently the nearer yon get to the outside of this zone of 
detached objects, the more do all things that you have to look at come 
between you and the brown earth—and the more these things resemble 
the earth in color the less you notice them. Contrariwise (let the 
world for the first time notice this Contrariwise, which would have saved 
Roosevelt and others so much erroneous writing), contrariwise, the 
nearer you get to the bottom of this layer of inhabitants of the atmos- 
phere, 7. e., close to the earth’s surface, the more you have only things 
above you to look at; and the more these things are bright like the sky 
the less you see them, and the darker they are the more you see them. 
This means that the nearer to earth’s surface an animal lives, the larger 
will be the proportion of neighbors he detects by seeing them dark 
against the sky. Only such neighbors as are no taller than he will 
escape coming between him and his sky. 

After years of trying to bring home to naturalists this great fact, 
which wholly suffices to account for white top-patterns in general, I 
know to my sorrow that nothing short of seizing them all and binding 
them to the ground, so that their eyes will be as low as a monse’s, will 
ever cause the truth to spring into vital existence for them! I have 
demonstrated to many audiences on both sides of the Atlantic where 
scarcely one man would consent actually to go down on the turf and let 
this immense fact rush upon his consciousness. 

Everywhere, in every sitnation, it is the rule that animals are col- 
ored like the background that most concerns their feeding and escaping 
attack. Sea-birds, in general, are either all ocean- and sky-colored, or 
this with the addition of the color of the rocks they breed and roost on. 
Animals living between bare snow and sky are white. (I have shown by 
ocular demonstration the wonderful aid that this white background- 
matching gets from the small black marks commonly worn by these 
white species.) Sand-dwellers, on ]and or in the sea, are sand-colored. 
One can find pictured on a locust the peculiarities of the special type 
of ground he lives on, be it rock, or sand, or meadow. Hverywhere, in 
every case where the animal’s background is most unvarying, as in the 
above-cited instances, the animal’s colors are at least amply accounted 
for by their matching of this background. 

Now why is it that even after people intellectually perceive that a 
terrestria] mouse or lizard sees almost all sizable neighbors against the 
light, and detects them least when they look lightest—why is it that 
these people go on failing to undersand that white upper slopes on all 
species which need to avoid the sight of these mice and lizards are just 
as necessary to their wearers as is the brownness of the monse or lizard, 
whose enemy looks at him from above downward and consequently sees 
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An imitation oryx head, looked wp at, simulating branches against the sky—-as at a 
reedy drinking-place it would simulate reeds. 


The same oryx head amd also a brown tcounter shadedy one, the former 


inconspicuous, the latter less so. 
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him against the ground? Yn each ease, the animal’s colors comprise 
all the background’s typical color-notes. Under foliage, the lizard, look- 
ing up, sees things against a tapestry of dark twigs and the shadow-side 
of leaves—the whole mass sharply patterned by bright glimpses through 
it of the sky above it all. And this ensemble is precisely what is worn 
by dusky-coated white-top-striped animals that come between the lizard 
and this background. 

What bewitehment of the student’s mind thus holds him from dis- 
covering the truth that there is evidently just one ‘universal need of 
minimized visibility from the point of view which most concerns the 
creature looked at, and that nature inevitably grants this minimized 
visibility to all creatures that can use it? 

Here is the explanation of the misunderstanding. The basic use of 
men’s brains is one which they share with the lower animals. Like all 
these animals, man lives, primarily, not by speculative reason, but by 
what for convenience we may call mere sensation-memory. The abori- 
gines differ from white hunters by their still greater propensity to hunt 
always where they have once killed. And a horse that has once been 
seared by a factory whistle going off too near him on the road always 
afterward shows alarm when he passes that factory. Man is, we feel 
sure, one story higher than the other animals, and on top of what he 
shares with them adds a more or less vigorous layer of “reason.” But 
let anything make the least bit of a run on this reason-bank, and he is 
bankrupt indeed, and falls back on his sensation-memory. 

Let us examine a few of the limitations governing the vast accumu- 
lation of man’s sense records. Here, for instance, is a thing seldom 
thought of: Man is, mainly, a Jooker-down—perhaps as much so as a cow. 
He tills the soil, he hunts, he fishes—largely or wholly looking down- 
ward in all these oceupations. And the men of towns look still more 
predominantly down on desks, tables, tool-benches, ete. This habitual 
down-looking of men is well attested Just now in New England by the 
difficulty the hunters for the brown-tail moth nests have in accustoming 
their eyes to day-long searching of the tree-tops. A few weeks of this 
looking wp strains their eyes. Another proof of all this is that men 
say white is the color that shows by mght. This is the idea of a race 
that mainly looks downward. A mouse, on the contrary, beeause almost 
everything comes between him and the sky, would consider black the 
color that showed best in the night. Now when some one asks us to 
form a clear idea of the mouse’s (and the creeping lion’s and leopard’s) 
view of the animal kingdom, our thinking-power balks, and we fall back 
on our sensation-memory, which vouchsafes us, generally, not a single 
instance of view from this low level, while it deluges us with memories 
of the bird’s-eve view that we habitually get of these same species. If 
we are forced for a moment into the realm of thought, in the next 
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moment this relatively scant faculty is fatigued, and we fall back into 
the hands of the old animal instinct, sensation-memory, which we share 
with the horse and woodchuck, and we proceed to rattle off the list of 
the hundreds of times we have seen one of these white patterns, the 
skunk’s or deer’s (bright against the grownd as man’s height makes to 
be the case). But these white tops are white evidently because con- 
cealment from a lower level, for one purpose or another, is the thing 
most important to the animals so patterned. 

Roosevelt carried into Africa the regulation down-looker’s miscon- 
ception of the subject. And nowhere on all his pages (or in fact on any 
other man’s pages) is to be found the faintest perception that all these 
white patterns on zebras and antelopes were playing a diametrically 
opposite part to the eyes of the creeping enemies of these plains-haunt- 
ing animals. 

Colonel Roosevelt, with the best intentions, was fated to put himself 
on record in the most unfortunate of attacks on our book—an attack 
which forces us, if we answer it at all, to expose its extraordinary weak- 
nesses. It is the nearest to one hundred per cent. of error that I have 
ever read, on any subject that I understood. 

First, he shows fatal ignorance of the laws of optics on which the 
whole thing rests, and consequently absolutely misconceives what con- 
cealing-coloration is or could be. Secondly, he does not see the joke 
against all who try to prove that nothing has escaped their sight by 
telling what they saw. He would be too sagacious to apply such reason- 
ing to practical affiairs—why does he take science less seriously? When 
I announce to the world the discovery of an almost universal concealing- 
power, under certain conditions, in animals’ costumes, what has it to do 
with the case to tell of the animals one has seen? Let us apply Roose- 
velt’s method to some practical case. If the police announce the dis- 
covery in the garret of some respected citizen of a complete counterfeit- 
ing apparatus, with every sign of daily use, what does it avail to testify 
that you have seen the citizen hundreds of times not counterfeiting ? 
The discovery of the evidence compels an investigation. If the owner 
of a game preserve discovers in the cellar of some neighbor a supply of 
freshly used game traps, what does it avail that this neighbor is daily 
seen not trapping? Again only an investigation will do. What I have 
discovered is that all these patterns of an animal’s costume are potential 
counterfeiters, of the most perfect kind, ready for action (action in 
some cases almost constant, in others only at rare, but vital, moments) 
—each one a most exquisite reproduction of some background typical 
of the wearer’s habitat. An artist is of course the judge of such copies; 
and it is therefore as an expert that 1 pronounce on them. 

No amount of reiterating that you have seen the poacher not poach- 
ing, or the bank-note counterfeiter not counterfeiting, or this newly 
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The same two heads against the sky; the black-and-white one hard to dis- 
tinguish, though (as in most of these pictures) wholly uneclipsed, the brown one, 
though masked by many branches, very conspicuous. 
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The same two heads, but looked down at, as man commonly sees animals of 
lower stature than his own. The black-and-white one now conspienuus, the brown 
(of course counter-shaded) one hard to see. 
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discovered animals’-costume-seenery-counterfeiter not counterfeiting 
scenery, is any step at all toward finding out whether they all three 
do at certain times perform their tricks. Forty years of daily meeting 
the poacher at the post office does not strengthen his eredit. And forty 
years of Roosevelt’s seeing zebras not hidden by their costume, and fail- 
ing to guess what the animal’s stripes are for, are just as little to the 
point. 

This effacing machinery is not the only highly speeialized meehan- 
ism that animals carry always with them merely to have ready for ocea- 
sional need. It is just the same with many of their other members and 
adaptations. The tiger’s tremendous claws, if we estimate that he kills 
only onee in two days, and that it takes perhaps four seconds for him 
to do it, are in operation only a 44.700-th of his life. Would Colonel 
Roosevelt for want of seeing them at their work decide that it was only 
a theory that they are for pulling down game? (I, by the way, do not 
even stop at the evidence that animals’ costumes are for concealment. 
I point to the actual concealment in full operation.) The tiger’s whole 
massive steely build serves him scarcely more constantly than do his 
claws. It, with the claws, does the pulling-down, and adds the bearing- 
away. The rattlesnake has a heavy rear body, growing slender and 
agile toward the head end, evidently in order that his terrible poison- 
apparatus may have a strong base to spring from. All this mechanism 
serves him only for occasional instants—days, weeks or months apart. 
Yet, there he always is, a heavy slow snake good only for lying in wait 
and for these rare murderous lunges, and totally incapable of the 
arboreal feats and racing of the blaek-snake’s life. Would Roosevelt, 
because he so often sees rattlers not biting, hoot at the idea that this 
snake’s fangs and bnild are made for biting? The generative organs 
of every monogamous species that breeds only once a year are carried 
through life for a few moments’ function once a year—and so on and so 
forth. With costumes it is just as with all other adaptations. They 
may, aecording to their wearer’s habits, play in his life a long part or 
a short one. 

The particular herds and individuals of plains game that stood out 
so visible to Colonel Roosevelt were commonly those that happened to 
have the light behind them; and wherever any form of tree, shrub or 
very tall grass constituted an clement of the seene, there were sure to be 
other herds and individuals in direetions in which the illumination 
favored their eounter-shading, wholly invisible amidst the haze of 
scrub and grass. A spectator in such a scene is surrounded with vast 
reaches of all-engulfing distance into which the haze of interposed serub 
growth merges on every side. In these spaces a counter-shaded animal, 
when the direetion of the daylight favors the working of his eounter- 
shading. 1s already wonderfully matehed to the serub’s eolor, and the 


CONG EALING COLOERATION. 29 


further off he is the more of this scrub actually comes between him and 
the spectator. here is therefore obviously some distance at which he 
is wholly covered by the scrub. Now from the very nose of the beholder 
all the way to the point where the animal is actually hidden by accumu- 
lated twiggery there is a scale of diminishing visibility, and, while the 
light favors the animal’s background-matching, he becomes utterly indis- 
tinguishable from the scrub and grass long before he is at the point of 
actual eclipse. Yet Roosevelt is able to say: “ There is never any diffi- 
culty in seeing them”! Compare Stewart Edward White’s description 
of the evanescence of deer in similar situations,* written before he ever 
heard of concealing-coloration. 

It is when the hight gets behind an animal that its main power to 
upset concealing coloration comes into play. Except in the middle of 
the day, there is always one direction which is toward the light, and 
looked at in this direction the sheltering ambiguities of these thin 
coverts have to give up many of their secrets. An hour earlier the 
antelope’s imitation twig-haze passed all right, but now that the sun is 
low and streams through the whole gauzv growth, behold, the opaque 
antelope becomes a black silhouette on a light gray ground. J7e is not 
really a gauzy growth! 

It is hardly worth while to say that all these laws of light and its 
relation to vegetation are practically identical the world over. Though 
I have been through most of Europe, from Norway and England to 
Italy and Sardinia, and through most of eastern North America, from 
Quebec to Florida, and in many of the Lesser Antilles and Trinidad 
(finding everywhere, what I knew before I went, that the laws of illu- 
mination of animals and vegetation are the same over the whole planet), 
I have not been in Africa. But—and this is more to the point—my 
eritics have evidently not been in the land of the inexorable opties which 
govern this entire matter. 

One of Roosevelt’s most fundamental errors is his complete gap of 
perception about the effect of motion on concealing-coloration. In our 
book’s introduction I say: * Thus at these crucial moments in the hives 
of animals, when they are on the verge of catching or being caught, sight 
is commonly the indispensable sense. /¢ is for these moments that their 
coloration is best adapted, and, when looked at from the point of view 
of enemy or prey, as the case may be, proves to be obliterative.” Had 
our eritics studied this sentence, it would have saved them much mis- 
apprehension of what the book is about. But here let it suflice to 
remind them that the tennis-plaver’s need of bright, clean, white balls, 
to be seen against the green turf, entirely refutes their ideas. The 
tennis-player calls for clean balls when the grass-stained ones are begin- 
ning to spoil his play; and well might a hawk, if his call would avail. 


*<<The Mountains,’’? Chapter X., On Seeing Deer. 
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demand a‘ clean chipmunk ”—i. ¢., an wn-counter-shaded and un-dead- 
leaf-colored one—when the little beast dodges him. Note, too, that a 
grass-stained ball against the grass is, at its worst, far more conspicuous 
than an average chipmunk against the leaves, because the ball turns 
over, and therefore could not be counter-shaded. (Note also that pred- 
ators in general are believed to miss far oftener than they succeed.) 

Many familiar experiences prove this fact, that one’s power to catch 
or hit a moving object depends on the distinctness with which one sees 
it. The more brilhantly a dodging object shows against the background, 
the more promptly can the brain of the pursuer command the corre- 
sponding movement. Those who have tried to catch butterflies, house- 
flies or mosquitoes, on the wing, or shoot a flying bird, either know this 
by heart or will realize it the moment they try it again. When a dark 
fly passes a dark space, to make sure of him you wait till he gets 
against a light space, and a shooter does the same with a bird. Through- 
out all nature animals’ coloration proves to be such as minimizes, in the 
most wonderful way, to the eyes of their pursners, their visibility when 
in motion. And in missing this fact Colonel Roosevelt has missed a 
vast part of the whole wonderful subject. So true is it that, as he says, 
motion almost ensures detection, that it is no wonder we find concealing- 
coloration by far most constantly needed and at work—making the 
wearer as hard as possible to cArcH—where there is pursuit and flig \t. 
This matter would come home clearly to Colonel Roosevelt if he would 
try to hit a concealingly counter-shaded moving target against a back- 
gronnd that it matched, and see what kind of a score he could make 
compared to what he could do with an un-countershaded one. 

As soon as the public have been shown the astounding concealing- 
power of those African animals’ reed-and-sky counterfeits, such as the 
zebra’s and oryx’s—which make it as hard as possible, by night as well as 
by day, for the springing feline to distinguish between starting zebra 
and jostled reeds—they will begin to see how complete has been their 
misconception of this matter. And the moment they see a demonstra- 
tion of the magical working of facsimiles of these animals amidst reeds 
and branches, out-of-doors, they will see at a glance that it would be 
just so anywhere in the world. Colonel Roosevelt has confounded detec- 
tion with catching. There is a vast difference. Every animal that has 
lived a year or two has been detected—how many thousand times—by 
other animals that would gladly have caught him; yet there he still is! 
Detection means, in some cases, much; but in far more case it means 
little. As Roosevelt evidently thought about the plains game, out in the 
open detection is nothing to them. He is also right when he says that 
these animals, zebras for instance, are sure to be observed by the 
ambushed lion as they nervously troop down to drink. The reader 
shall see how wonderfully their case bears ont the hypothesis that all 
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available adaptations of an animal’s body will be found ranged against 
his life-and-death danger. 

Out in the open, the zebra’s watchful eye and ear, backed by his 
agility, ensure his safety. But if he pass too near any cover as ample as 
the lon must have for his operations, his stripes begin to be a safe- 
guard, because cover enough to conceal the lion means reeds or branches 
silhouetted across the lion’s view of the zebra. The zebra is inevitably 
against the crouching feline’s sky, and his own sky-and-reed counter- 
feit begins to have the advantage of confusion with the real vegetation 
through which the lion is condemned to look. A chain is no stronger 
than its weakest lnk. What is, obviously, the weakest link in the 
zebra’s life chain? It is when he must risk the Nion’s ambush and drink. 
All available powers of getting through this tightest place in his life 
are sure to be found in operation. This need to drink is as much the 
crux of the zebra’s life as the need to be able to swim would be the crux 
of a foot-passenger’s journey from New York to California, if there 
were neither boats nor bridges. There will arrive in California no foot- 
passengers that ean not swim, because there is the Mississippi. And 
there will survive no race of zebras that were not the watehfulest, the 
agilest and the hardest to see when they had to go through this greatest 
danger of their lives. It is their Mississippi. When a zebra comes to 
a drinking-place, the faintest sound that could mean an ambushed lion 
must not pass undetected by him, and he starts away from the faintest 
rustle. The erouehing lon sees him eome into the reeds—sees him all 
the time—and if the zebra comes within range, springs upon him, but 
even in his first spring has inevitable diffieulty in distinguishing the 
zebras outlines because of the absolute similarity of the zebra’s imita- 
tion of reeds and sky to the real ones. The zebra’s uneasiness keeps 
both the real and the counterfeit in motion together. Very often, doubt- 
less, as the best naturalists seem to agree, the zebra’s automatic start 
comes in time to save him, and the lion’s instantaneous now-or-never 
second spring, such as probably all felines make, must be guided by a. 
lightning-swift pereeption which ‘of the violently agitated sky- and 
reed-stripes are the zebra and which are not! Any one who saw my 
deer at Washington will understand this (and better still will any one 
who will eome to Monadnoek and see the wonders of my artificial zebra 
and oryx). Plainly, then, sinee the zebra must at this necessary 
nioment be terribly near the lion, his race could not have continued 
except by having every counter-balaneing advantage; and it is demon- 
strably here that the full magie of his coloration comes into play. These 
sky-counterfeits are as plainly addressed to the lion’s sight, and most of 
all at the night drinking-place, as the thickness of a grizzly’s frontal 
bone is addressed to the teeth of his enemies. 

Colonel Roosevelt has done himself a wrong by not studying our 
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plates of counter-shaded “ vanished ” models. He does not seem to take 
in at all the marvelous power of this counter-shading, which can 
actually efface the thing on which it 1s painted. And he has an idea 
that it chiefly affeets the lower part of an object—as if it were merely 
a juxtaposition of dark top to white bottom, instead of a continuous 
gradation over the animal’s entire surface. Ile says: “ But as a matter 
of facet, the great majority of these Imammals, when they seek to escape 
observation, croueh on the ground, and in that posture the light belly 
escapes observation, and the animal’s color pattern loses very much of, 
and sometimes all of, the ‘ full obliterative shading of surface colors’ of 
whieh Mr. Thayer speaks.” Let Colonel Roosevelt cover the lower half 
of one of our “ vanished ” models, in our book, and see if this cause the 
upper half to appear! Or let him cover the lower half of the visible 
monochrome model, and see if this cause the upper half to disappear. 
Two more particularly flagrant errors of Roosevelt's must be men- 
tioned. First, his speaking as if an animals not trying to hide dis- 


proved his being concealingly-eolored. Tle will in time discover that 
in a vast majority of instances, the very reverse is the ease: that the 
more an animal doesn’t lide, the more nature has to help him by 
coloring, preeisely as in the ease of the zebra at the drinking-place, or 
the humming-bird with his head stuck into a flower, or the flamingo at 
dawn with his head in the mud. Second, his much-insisted-on idea that 
if one coloration is a concealer, a different one on an animal of the same 
general habits isn’t. He might just as well apply this objection to the 
mixed herds of diverse-shaped African game, of which so many species 
have closely resemblant habits, saying, for instanee: “If the zebra is 
built right for this life, then it is a physical impossibility that the oryx 
is.’ Or to the innumerable forest plants, each with its own shape, but 
with, to the casual eve, identical circumstances. Or, concerning such a 
company of birds as feed together on the marshes, he should say: 
* These curlews, plover, and sandpipers live together and eat the same 
things; but if the curlew’s bill is the right shape for his lite, the very 
differently shaped bills of the other species are accidents and not 
adaptations.” This is an old, obsolete method im natural history, hence- 
forth to be sueceeded by pure experimentalism. And I am presenting 
simply the experimentally established facts of these marvelous back- 
eround-matchings. Amid sunlit snow and blue shadows the blue jay 
is exquisitely ‘ effaced? by its most perfect matching of each color-note. 
Likewise the peacock np in a tree, or the wood duck among sunht 
water-plants, etc.2 Each of these faets is here to stay, no matter where 
it leads ns. 

° One of the many surprises in store for Roosevelt is the potently obliterative 
character of the summer dress of the male bobolink, when seen from the hawk's 
view point, 
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Our book® was written only after all its facts were verified. It con- 
tains essentially nothing but facts, and might have been called an 
expert’s presentation of examples of consummate resemblances between 
animals’ costumes and certain of their backgrounds. It has greatly 
surprised us that so many people have so slightly noticed the facts 
revealed as to take them for illustrations of a supposed “ theory.” The 
facts, themselves, are what we present. 

From now on [ shall be delighted to show to all comers to Monad- 
nock the perfect background-counterfeiting powers of all sorts of 
gorgeous birds and butterflies. I have already prepared good fac- 
similes of a zebra and the head of an oryx, to show the truly wonderful 
way in which when looked at from a creeping lion’s or leopard’s eve-level 
these animals pass for mere sky-vistas through the reeds or branches. 
My Washington deer was merely a crude beginning of the exhibitions 
that I can already give of this type of concealing-costume. 

Any child who has access to a wide, open field away from lights cau 
prove for himself that white does not show against a starlit night sky. 
And it is only fair to poiut out that any one so ignorant of the simplest 
laws of optics as to share the popular notion that it does, is not compe- 
tent to testify in this matter. Let the experimenter hold up between his 
eye and a clear, moonless night sky, a white card so inclined as to permit 
him to see its upper side.? Even in a wide, open field he can at most 
make it come as bright as the sky beyond it, and consequently vanish ; 
but it can not of course get brighter than the sky. How could it, since 
it owes all its light to this very sky! Yet Roosevelt says: “ At night, 
in the darkness, . . . the white rump-mark of the antelope is almost 
always the first thing about them that is seen, ... and at night it does 
not fade into the sky, even if the animal is on the sky-line.” 

Many persons who hear of the vanishing-power I show in the 
brilliant bird-skins and butterflies and these white-topped animals sug- 
gest that in the animals’ homes all might be different. I need only 
answer that when they see the vast range and astounding precision of 
what I show, this fear will vanish. The evidence is literally over- 
whelming. It is in every case only against a background notably like 
that of the animal’s home that he will vanish. 


*¢**Concealing Coloration in the Animal Kingdom.’’ 

* Moonlight, of course, or the uneven illumination from a cloudy sky, can 
make white show momentarily brighter than the sky; but nature has to deal in 
averages, and these very irregularities of illumination cause the prongbuck’s 
white just as often to look too dark as too light. 

Contradicting what he says of the skunk’s white, Colonel Roosevelt says: 
‘After nightfall the zebra’s stripes would be entirely invisible.’? Here again 
he is completely wrong, as if he had never hunted by night. These stripes are 
invisible at night wntil the enemy is near enough to endanger the zebra. Looked 
at as near as this, all colors except white, show strongly against a starlit sky. 
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Like John Burroughs in his Atlantic Monthly paper called “ Gay 
Plumes and Dull,” Colonel Roosevelt does not even take pains enough 
with his data. Burroughs said: “ Why does only one of our four 
weasels turn white in winter?” The answer is that all of the four turn 
white in winter! Roosevelt says: “‘ Bears... have no white on them.” 
The fact is that seven species, without counting the two all-white kinds, 
wear more or less white, especially in breast-crescents, collars, and fore- 
shoulder stripes. 

About war-paints and appendages, too, I tell only optical, invin- 
cible facts. On this subject I shall soon have more to say. 

The possibility of wonderful demonstrations of the effacing-power 
even of stuffed skins of gorgeous or powerfully marked species such 
as a peacock, or an oryx or zebra, is unfolding itself to me at a rate that 
almost takes my breath away, and which can not fail to astonish all who 
witness my experiments. 

Not yet understanding that this matter is unequivocally the artist’s 
business, Colonel! Roosevelt, like some of our other reviewers, proposes 
a “scientific ” tribunal for our book. Science means simply knowing. 
What does science teach any scientific man more imperatively than 
that he must employ specialists in every direction? Does astronomy 
fit a man to practise medicine? Yet the astronomer and the doctor 
are both men of science. Do naturalists imagine that the arts can 
stand as they do, illuminating beacons through the ages, without hav- 
ing adamantine, crystal truth at their core? The laws of color-cor- 
relation are of course the very axis of the art of coloring, and any 
intellectual painter inevitably ts the scientist of all that is knowable 
in this matter. While all painters perceive spontaneously that shadows 
on the snow in a sunny open field have exactly the color of the ag- 
gregate overhead sky, very few persons who are not artists can dis- 
cover that they are more than “bluish.” As our book’s introduction 
explains, a colorless mirror laid in such a snow-shadow and facing 
upward reflects of course the overhead sky, and this refleetion proves 
absolutely to match the snow-shadow. This knowledge of the actual 
color of things, and especially of transitory aspects, rests, then, wholly 
with painters; and, if scto means I know, it is sctence. 

My critics say it is my theory that this or that bird’s patterns pass 
for the background; yet every time I show them this bird against 
such a background, they either fail or nearly fail to detect it, and 
invariably admit that it was its patterns’ resemblance to background- 
details that fooled them. Is it my theory that they are thus deceived ? 

Will not my critics wisely adjourn for the present the question of 
the validity of any deductions I may have made, and contemplate 
instead the array of actual facts? Whenever naturalists will take the 
tiouble to lie down on the ground beside a stuffed flamingo, or a live 
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one in a zoo, with horizontal sunlight bathing it, they will see that it 
looks wonderfully like a pink cloud (which is, strange to say, just 
what Roosevelt remarks about a flying flock of the African species), and 
all discussion as to whether this is so or not will be at an end. In con- 
nection with a long chain of similar phenomena, hitherto unknown, 
is this fact worthy only of derision? If inhabitants of the world’s 
floor prove to see the more aerial species against the sky, the flamingo’s 
aquatic enemies, dwelling below this floor, see denizens of the upper 
air always against the sky. The flamingo question, then, has come 
down to why he is colored for dawn and sunset sky more or less at 
the expense of his all-day matching. The answer would seem to be 
connected with his nocturnal habits. According to Audubon the red 
flamingo Is nocturnal (as, apparently, all the other red and rosy 
waders are); and in that case his feeding wouldn’t extend further 
into daytime than merely, at both ends of the night, to overlap into 
the rose and salmon light of dawn and evening. Ilis feeding is 
especially unfavorable to. his keeping watch against enemies, since 
he buries his face in the mud and muddy water in his search for 
the worms and other animals he lives on; and we find his coloration 
fitting this emergency. 

This matter of sky-matching has come very clear in my demonstra- 
tion with the oryx head, reproduced herein, which shows the inevi- 
table effect of all the other branch- and sky-patterns, such as abound 
on birds, beasts and butterflies that are looked wp at. I have been 
studying for years to find out the exact scene that each costume best 
represents ; and I now beg my readers to come to Monadnock and let me 
show them the results. 
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EXPANSION OF THE USEFULNESS OF NATURAL HISTORY 
MUSEUMS 


By Proressor THOMAS H. MONTGOMERY, Jr. 


THE UNIVERSITY OF PENNSYLVANIA 


IFE consists, to a large degree, in adjustments and responses, with 
institutions as well as with individnals, and the new conditions 
that these create must be faced in their turn. With every active growth 
there is branching out and so arise innumerable interlacings and en- 
tanglements of activities, one overlapping and interweaving with the 
next. The whole history of thought shows how subjects that once 
were to great extent isolated have spread out and crossed, until they 
compose a tangled web of endeavor, and consequently we can no longer 
define our sciences sharply, for each of them mingles with others on all 
sides. Indeed the borderlands of any science, the points where it joins 
with another, now make up the most interesting and promising fields 
of research. Thus biology at one angle passes over into medicine, at 
another into psychology, at another into sociology, one little corner 
threatens to join with mathematics, and at nearly every turn it meets 
with physics and chemistry. He would be a rash man who would try 
to-day to present a rigid classification of the sciences, they being in 
such a flux and flow of change; indeed they are coming more and more 
to constitute a unit. 

But each worker has to select a particular part of this web for his 
study, for the reason that no man can undertake the whole; it once was 
that a strong mind could grasp the entire web, like as the mother spider 
controls all lines of her snare, but now the web is so great and complex 
that we single workers are like spiderlings upon it, each looking for his 
own particular little gnat. We single laborers associate ourselves to- 
gether according to our tastes, so as to favor interchange of thoughts, 
thus forming societies, academies and the varions other kinds of insti- 
tutions, and the time has come when these different institutions should 
cooperate and partition out the work to be done by each. so that there 
may be as little waste and as little duplication as possible. For while 
there may be as great difficulty in characterizing institutions as in de- 
fining sciences, nevertheless mutual cooperation and division of labor 
have come to be a necessity. 

Probably the oldest European association of naturalists was the 
academy, a grouping of followers around a gifted thinker. In the days 
of Greece snch academies usually had no habitation, but the disciples 
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followed and heard their master in the open air. In such an academy 
the teacher had his own doctrines most at heart, not those of others, 
consequently did not try to accumulate a library. Libraries arose in 
the orient earlier than in Europe, partly from the reverence of the east- 
ern nations, particularly the Mohammedans, for the written word, 
partly from the greater age of eastern civilization; through Europe 
libraries arose in kingly palaces and in priestly monasteries, and these 
were, before the days of the printing press, the centers of book making. 
The foundation of distinct natural-history museums was considerably 
Jater than that of libraries for the reason that the voice of authority 
long took precedence over the concrete object; witness the long conten- 
tion of bookly scholars over the number of legs of an insect, all dis- 
puting over various renditions of Aristotle, none condescending to 
catch a house fly and count its members. Alexander brought home 
great collections of living animals from the east, and founded there- 
with a zoological garden for this teacher of his, but we have few records 
of this collection: the beasts the Roman emperors secured were used 
mostly for combats in the circus, for these emperors had political and 
popular effects in mind and not the increase of knowledge. 

The materials for the study of the natural sciences in medievat 
times were the libraries, museums growing up in Italy and England, 
and universities starting in Italy, Spain, England, France and Ger- 
many. hese early universities were at first much of the type of 
Grecian academies, with didactic teaching; they arose from the desire 
of certain free spirits to gain knowledge of other kinds than that pre- 
scribed by the church. We can say that the museum was in most in- 
stances the mother of the empirical natural sciences, for it stood for 
the accumulation of objects of study rather than the accumulation of 
hooks. Men of inquiring mind grew up, inspired partly by curiosity, 
partly by superstition and belief in the black magic, who collected mon- 
strosities and other strange specimens, without any definite idea to guide 
their choice; their preference was for fossils and crystals, salamanders 
and hedgehogs, and in general the most heterogeneous objects as one may 
learn from *“ Hudibras ” or from the plates in Johnston’s “ Natural His- 
torv.” The wish was for the unusual, and specimens from foreign lands 
inspired much more interest than those of the native fauna and flora. 
The chief growth of these museums dated from the times of colonial 
expansion, when the ships of the Dutch and Spaniards and English 
brought home collections from the new and old Indies. The govern- 
ments then lent their help to the museums, as an exploitation of the 
products of their new possessions, and the great collections of London, 
Paris and Amsterdam jumped in their growth and importance and 
have justly become objects of national pride. 

The universities came to join with the museums in many cities, but 
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have for the most part remained separate from the older of them. 
Perhaps the chief reason why the universities and museums have kept 
apart is the character of their work; natural science In a museum con- 
sists largely in accumulation of collections and in descriptive research, 
in the university in experimental science. This makes up the essential 
difference between the curator, on the one side, and the laboratory 
worker on the other; or, in other words, between the classifier and the 
experimenter. And it is curious to note that laboratories arose first 
quite apart from both museum and university, in the private houses of 
men of analytic mind; one needs only reeall the names of Roger Bacon, 
Vesalius, Galileo, Harvey and; in modern times, Darwin. And those 
who were interested in comparative anatomy and physiology were at the 
beginning for the most part private physicians. As this work gamed in 
importance they moved naturally to those institutions that offered the 
greater facilities for that kind of pursuit, consequently to the uni- 
versities. 

This has been the merest historical sketch of the connection of 
museums with other learned associations, while the subject is one of 
sufficient interest to fill a volume and then be far from exhausted. 
But it will have to suffice for our present purpose. 

Now let us see the present ramifications of our institutions of nat- 
ural history, and limit ourselves to the subjects of biology and geology. 
Of these there are, im the first place, the general academies, which may 
be charaeterized as being broad in subject, and open to all who are In- 
terested, to layman as well as to mvestigator. The latter quality is a 
particularly valuable possession, by virtue of which became associated 
in common interests many people who would find themselves alien in a 
more specialized association; for the specialist’s research is largely de- 
pendent, at least in America, upon the gifts of amateurs, and all 
specialists are recruited from the ranks of amateurs. Probably the 
amateurs who are drawn to an academy by their natural tastes make 
better members than those who have chosen their calling after delibera- 
tion. The aeademies publish “ proceedings” which include the most 
diverse subjects. Then there are museums, frequently associated with 
such academies, less usually with universities. Their primary object 
is the conservation of collections, and they have the same relation to 
natural historv specimens as libraries have to books. The greater of 
them are reference collections where one goes to find the origmal speci- 
mens of descriptions. Their curators are men whose writing is largely 
limited to the materials of such collections and to the theoretical ideas 
based on such material. For the most part these museums now sepa- 
rate their referenee and exhibition colleetions, and devote much 
thought to the most suitable presentation of the latter, following Hux- 
ley’s thought that an exhibition collection should not aim to show all its 
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specimens but rather to place on view particular groups of a direct 
teaching value. How far even the best collections do actually teach is, 
however, a matter of much dispute among museum directors. Some 
museums are trying the plan of frequently changing the exhibition col- 
lections, so as to offer more variety to the public. Thus the exhibition 
collections represent faunw, factors of distribution and of evolution, 
phyletic series, habitats of animals, stratigraphic series, etc. For the 
gathering of collections of these two kinds museums, as far as they are 
able, send out regular collecting expeditions; and indeed our National 
Museum is, to a great extent, the result of natural explorations. Both 
academies and museums usually maintain publie lecture courses—as 
now do almost all learned institutions. 

The work that the museums are doing in biology is mainly taxo- 
nomic, the study of groups, and ecologic, that of life environments. 
Their teaching is accomplished by short lecture courses, natural history 
excursions, and by exhibition of collections illustrating particular 
subjects. 

The remainder of the work in natural history is done mainly in 
other institutions. Mineralogy is the branch of geology studied chiefly 
in universities and various technical schools. Almost all the branches of 
biology, except taxonomy, are taught outside of museums. Morphology 
and physiology are followed mainly at universities and marine labora- 
tories, the experimental study of evolution including inheritance at 
these and at special experimental stations—governmental and private, 
and the newer sides of biology, biochemistry, biophysics and compara- 
tive psychology are practically unrepresented at the museums. For 
experimental research as distinguished from taxonomic, in fact for the 
study of vital details of any kind, one goes to a laboratory rather than 
to a museum. 

Thus, on the one hand, there is the natural-history museum. Its 
research presents the historical or phyletie standpoint, and tends to 
consider the entire adult organism without attempt at abstraction of 
particular qualities. There is the laboratory proper, at university or 
marine or fresh-water or experiment station, that digs into the inside 
of the animal with the microscope, that tries to trace its whole develop- 
ment, that attempts to reduce its processes to known physical and 
chemical factors. The two sets of institutions are, on the whole, 
sharply differentiated, their work is contrasted, one can not say a@ priori 
which has the greater importance, but in time we shall be able to de- 
cide which has brought the greatest treasures to human knowledge. 
Certain it is that the pioneer work of the taxonomist opened the way 
for the theory of descent, and that without such work the experimental 
student of evolution could hardly attack his subject. And high-class 
taxonomic work requires as rare judgment and intuition as is demanded 
in any other scientific pursuit. 
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Foremost among the institutions to-day stand the universities and 
the museums ; all others are represented by men who have been trained 
in one of these two. Now what should be the attitude of them to each 
other, especially when they coexist, as they often do, in the same city? 
Mergence has been suggested, but it would appear, unwisely. For each 
has its honorable traditions and does not wish to surrender independ- 
ence. Further, they represent such different types of work that they 
would accomplish much more by careful cooperation than by any blend- 
ing, for coalition would produce a mongre] of less virility. The plan 
should be cooperation and division of labor in subjects in which they 
overlap, so as to avoid waste of energy, otherwise maintenance of pres- 
ent independence. 

In these matters human knowledge and the methods of getting it 
are of prime importance, not the fair name of an institution; or we 
should state it better by saying men’s labors give the name to the insti- 
tution. For seen rightly a university or a museum is only a tool 
towards this end, and should not stand in the way of it. We often hear 
it said that a man is or should be an underling of a particular institu- 
tion. This is radieally wrong, at least provided the object of that insti- 
tution is to increase knowledge and not merely to conserve it and pass 
it on. A university or a museum is a complex engine, but still a tool, 
and how it should be used should be decided by the men who know best 
its object, and those men are chiefly, but not wholly, the investigators 
—curators or professors. For a man of original ideas to subject himself 
to any crystallizing conditions of an institution is an anachronism and 
an anomaly. He serves his institution best who serves his subject most 
loyally. The subject is the goddess to be followed, the institution is 
only one of her shrines. 

What we are all here for is to make the most of natura] talents, and 
to cooperate for the good of onr subjects. This can result only in 
benefit to the institution in whose walls we work. Applying this prin- 
ciple, let us see how museums may cooperate helpfully with certain 
other associations of naturalists. 

For the most part museums fill an important place and represent 
activity that is not developed elsewhere. But there is some waste, and 
there are also opportunities that museums have not tried to grasp. For 
instance, little good is accomplished by public popular lectures, 
whether given by academy, university or museum; in my experience 
they appeal mostly to the mentally unoccupied, to those who lack re- 
source in their evening hours. I would not say they are valueless, for 
sometimes their seed falls into proper ground, and also they eke ont the 
salaries of poor curators and professors. But, on the whole, they are 
mistaken charity and so constitute a waste, unless great care is taken 
that there is not a plethora of them. Much attendance on lectures is 
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like much reading of books, a poor substitute for the activities of life. 
Again, universities often undertake work that might be mucli better 
left to museums. Thus if there is a museum conveniently near it seems 
to be a waste for a university to plan large taxonomic collections or 
even to give courses of taxonomic nature. For if a student wishes to 
learn species and their distinctions, he can gain this knowledge far 
better in the reference museum than in the laboratory; and to change a 
laboratory into a museum is to injure its proper use. Taxonomic col- 
lections and courses may well be omitted from universities, and stu- 
dents wishing these subjects should be directed to museums. A her- 
barium or a collection of shells is as much out of place in a laboratory 
as a bull in a china shop, for the university laboratory is for experi- 
mental work. 

This idea may be pushed still further. When a museum has already 
large reference collections, not only there is no need of universities 
trving to duplicate these, but also the university should leave to mnu- 
seums the teaching of subjects for which such collections are the basis. 
This is the kind of teaching that would bring most results to the 
museums. Thus nature-study courses of all kinds could be best pre- 
sented by museums, with their large local collections and their curators 
trained in knowledge of species and habitudes. Systematic courses in 
entomology might also be most profitably given in a museum; and these 
are growing in importance, now that insects are receiving so much at- 
tention by agriculturalists, and by physicians in their relation to dis- 
ease. Practically all of our best entomologists, mammalogists, ornithol- 
ogists and systematic botanists, whose work is of the greatest practical 
importance, have grown up in museums. But at the present time their 
training consists in becoming assistants In museums, helping in the 
arrangements of collections with no training whatsoever in the broader 
sides of the subject, and taking many years to learn what they might 
otherwise gain in a much shorter time, provided their work was directed 
from the start. A man told to label a certain collection will in time 
learn how to do so, but if he is to do more than merely determine 
species he must follow a plan of work. Such a course might be worked 
out In some such way as the following. The curator of entomology 
might each vear direct a course in general systematic entomology or on 
injurious insects. The teaching need not be done by lectures, but with 
specified work on the object to be carried out by the student, assigned 
reading and practical examinations. Not much of the curator’s time 
need be consumed, he would simply have to outline the work and to 
occasionally oversee it. The student would then begin with the ad- 
vantage of the help of the judgment of a trained specialist. It stands 
to reason that such a course under a competent entomologist vould be 
done better in most museums than in most universities. Such an initial 
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course might be followed by one upon some special group of insects, or 
by one upon insects affecting a particular industry. A student who had 
taken such courses could on their completion readily find a position 
in some other museum or in a governmental station; and surely this 
would prove a better method of training systematists than the present 
way of acting as an assistant In a museum, for the work would be defi- 
nitely planned from the start. Similar courses might be offered in 
mammalogv, ornithology and piscology, and in geology and paleontol- 
ogy, for all these subjects require large collections. Forestry might also 
be included in part. Without doubt universities would be glad to co- 
operate in such work, by advising students to attend such courses, and 
by crediting the work towards academie degrees. 

This would be a new expansion, but logically a part of the work of 
museums, more important than publie exhibition collections and far 
more important than vicarious evening lectures; though these evening 
leetures might be rearranged so as to compose a part of the courses. 
How important the matter is may be seen in the fact that the U. 8. 
National Burean of Entomology employs some 500 men, and finds it 
has to train most of them for the work; they would most gladly have 
other institutions undertake this training. The universities are at- 
tempting to present such courses, but they are greatly handicapped by 
the lack of suitable colleetions and of systematic entomologists. A uni- 
versity department of biology has to give courses, and direct research 
work, in histology, anatomy, embryology, physiology, antmal behavior, 
inheritance and other analytical subjects, all of laboratory nature that 
require apparatus and living material rather than collections; it is too 
much to require that they should also present the taxonomic subjects. 
We should not attempt in an inland university to maintain large salt- 
water aquaria, but go to a marine laboratory for the sea organisms; 
and unless there is much ground around a laboratory, we do not attempt 
experimental breeding in a large scale, but go to some experiment sta- 
tion. Equally when a subject requires large taxonomic collections we 
and our students should go to a museum for them, and not try to amass 
other collections. 

Since this was written T have learned that the Chicago Academy of 
Sciences now presents teaching courses which receive credit from uni- 
versities. This seems to me to be one of the most promising fields of 
expansion of the usefulness of a museum. It would bring about a 
serviceable cooperation with other institutions, and thereby result in 
economy of expenditure and effort. 

The second enlargement of the museum’s service is Increased re- 
search. Certain museums have been most prominent in research, as 
the British Museum which has surpassed the universities of its land. 
But few others approach this museum in this respect. To my mind a 
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museum that consists mainly of collections, and of simple caretakers of 
these, has a speaking resemblance to a graveyard; dead specimens and 
gravestones betoken the past, and a mere conservator, like a sexton, has 
little to add to the future. It is as sad and melancholy a state as that 
of a university whose professors are nothing but teachers and com- 
mittee men. There were magnificent collections in Pompeti, but so 
long as they remained buried beneath the soil they were of absolutely 
no use; they became of interest only when experts examined and in- 
terpreted them. I reeall well a certain museum, founded out of piety, 
full of dead bones, where for years the only persons of any useful actiy- 
itv were the janitors and meehanieians; and it had an honorable board 
of direetors too. Museums may become stagnant quite as well as other 
institutions. When the preparator and mounted rhinoceros are con- 
sidered above the curator, and the exhibition collection above published 
researeh, then a museum is becoming senile. The strength of an insti- 
tution lies wholly in its men. Past achievements are honorable pos- 
sessions, but like an old family name entail the greater responsibility on 
the bearer. Any one who lives in the past will be treated like the past, 
and drop out from the race. For what museums do we eall the great 
ones? Those with the staffs of prominent investigators, where there 
are many curators and all active in research. It is just the same with 
universities: international reputation is not based on buildings and 
number of students, but upon the number of original thinkers who pub- 
lish. <A dictionary is a museum of words, but it has no partienlar use 
until some one comes along and uses these words for a writing that 
people will read. 

Very frequently a museum expends a sum for a single specimen or 
for a collecting expedition, sufficient to maintain several good men for 
a year. Often again it has a chance to secure an investigator, and hesi- 
tates because the expenditure would have to be drawn from some 
library or janitorial fund. Too often it is apt to consider the exhibition 
series to be its main purpose, and to regard men valuable only as ar- 
rangers of the exhibition. The saddest trait of all is self complacence, 
satisfaction In conditions as they are for this marks decay. 

New timber must be planted, or any institution will soon lose its 
prestige. Worthy collections should be housed in suitable buildings, 
but the crown of the whole is the strength of the staff of curators. 
They come first in the judgment of the world as opposed to local opin- 
ion. When one names the great museums of Paris one forgets the 
specimens in the revered memory of Lamarek, Cuvier, Humboldt, the 
Saint-ITilaires and the Milne-Edwards. Such names constitute great- 
ness, their writings have vivified the collections. America is too young 
to have many great names in natural history, but what reputation would 
our museums have without Horn, Say, Dana, Cope, the Agassiz’s, 
Leidy, Baird and Gray? 
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The whole point is to try to live up to this record of honor, if pos- 
sible to surpass it. That means to recognize capable men, to keep them 
by freeing their time as much as possible for their researches, and to 
call in capable outsiders. This is the principle of President Gilman, of 
Johns Hopkins University, “ to discover and develop such men as have 
unusual ability.’ Each particular collection should be considered the 
basis of work for a particular gifted man, and not be its tender. 
Young naturalists starting out should be helped with fellowships and 
advice, substantially encouraged, not treated as preparators. Museums, 
you surely must agree, should make places for able men, just as uni- 
yversities are doing, recognizing it to be a part of their duty to help the 
subject by helping the men. It will be costly to do this, but not if a por- 
tion of the great funds given to getting collections be given to getting 
men. When this is done museums in general will be great teaching 
institutions, and cease to be cold storage centers. It may be questioned 
whether it is wise policy to say one must get buildings and collections 
first, then we can think of men. Would it not be wiser to attempt to 
add men and equipment simultaneously so that the new equipment may 
be used to best advantage? The cart must not be put before the horse, 
nor the fire before the food. 

For the very reason that the American spirit is so eminently utili- 
tarian and commercial, so highly uncivilized, the learned institutions 
should do all in their power to help those who are working for science. 
If they do not offer this help, who will? All institutions should com- 
bine in this endeavor to make it possible for inquiry after knowledge 
to increase. They should combine in every possible way to aid the man 
of original ideas, for he alone is the one who advances knowledge; he is 
the yeast in the bread. One of the most pitifn] chances we can experi- 
ence is to see a man full of hunger for a scientific career, driven to an 
uncongenial commercial calling for the lack of opportunity and timely 
aid; a naturalist shudders at the thought. Such cases are frequent, and 
human progress is by so much the loser. Is it not a duty of society to 
see that men do the work for which they are naturally fitted? Yet 
when we examine the matter seriously, we may well doubt whether our 
learned institutions fully recognize this need, and whether they are 
doing much to realize it. It is, nevertheless, probably the greatest good 
that they can carry out. 
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THE HISTORY AND VARIETIES OF HUMAN SPEECH? 


By Dr. EDWARD SAPIR 


THE CANADIAN GEOLOGICAL SURVEY 


ERHAPS no single feature so markedly sets off man from the rest 
of the animal world as the gift of speech, which he alone pos- 
sesses. No community of normal human beings, be their advance in 
culture ever so shght, has vet been found, or is ever hkely to be found, 
who do not communicate among themselves by means of a complex 
system of sound symbols; in other words, who do not make use of a 
definitely organized spoken language. It is indeed one of the para- 
doxes of lingnistie science that some of the most complexly organized 
languages are spoken }v so-called primitive peoples, while, on the other 
hand, not a few languages of relatively simple structure are found 
among peoples of considerable advance in culture. Relatively to the 
modern inhabitants of England, to cite but one instance out of an in- 
definitely large number, the Eskimos must be considered as rather 
limited in cultural development. Yet there is just as little doubt that 
in complexity of form the Eskimo language goes far beyond English. 
I wish merely to indicate that, however much we may indulge in speak- 
ing of primitive man, of a primitive language in the true sense of the 
word we find nowhere a trace. It is true that many of the lower ani- 
mals, for example lirds, communicate by means of various cries, yet 
no one will seriously maintain that such cries are comparable to the 
conventional words of present-day human speech; at best they may be 
compated to some of our interjections, which, however, falling outside 
the regular morphologic and syntactic frame of specch, are least typ- 
ical of the language of hiunan heings. We can thus safely make the 
absolute statement that language is typical of all human communities 
of to-day, and of such previous times as we have historical knowledge 
of, and that language, aside from reflex cries, is just as untypical of 
all non-human forms of animal life. Like all other forms of human 
activity, language must have its history. 

Much has been thonght and written about the history of language. 
Under this term may be included two more or less distinct lines of 
inquiry. One may either trace the changes undergone by a particular 
language or group of languages for as long a period as the evidence at 
hand allows, or one may attempt to pass beyond the limits of histor- 
ically recorded or reconstructed speech, to reconstruct the ultimate 
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origin of speech in general, and to connect these remote origins by 
means of reconstructed lines of development with historically attested 
forms of speech. Superficially the latter sort of inquiry is similar in 
spirit to the labors of the evolutionary biologist, for in both apparently 
heterogeneous masses of material are, by direct chronologic testimony, 
inference, analogy and speculation, reduced to an orderly historical 
sequence. As a matter of fact, however, the reconstruction of lin- 
guistic origins and earhest lines of development is totally different in 
kind from biological reconstruction, as we shall see presently. 

Taking up the history of language in the sense in which it was first 
defined, we find that there are two methods by which we can follow 
the gradual changes that a language has undergone. The first and 
most obvious method is to study the Hterary remains of the various 
periods of the language of which we have record. It will then be found 
that not only the vocabulary, but just as well the phonetics, word 
morphology, and syntactic structure of the language tend to change 
from one period to another. These changes are always very gradual 
and, within a given period of relatively short duration, slight or even 
imperceptible in amount. Nevertheless, the cumulative effect of these 
slight linguistic changes is, with the lapse of time, so great that the 
form of speech current at a given time, when directly compared with 
the form of speech of the same language current at a considerably 
earlier time, is found to differ from the latter mnch as it might from 
a foreign language. It is true that the rate of change has been found 
to be more rapid at some periods of a language than at others, but it 
nevertheless always remains true that the changes themselves are not 
violent and sudden, but gradual in character. The documentary study 
of language history is of course the most valuable and, on the whole, 
the most satisfactory. It should not be denied, however, that there 
are dangers in its use. Literary monuments do not always accurately 
reflect the language of the period; moreover, orthographic conserva- 
tism hides the phonetic changes that are constantly taking place. Thus, 
there is no doubt that the amount of change that English has under- 
gone from the time of Shakespeare to the present is far greater than 
a comparison of present-day with Elizabethan orthography would lead 
the layman to suppose, so much so that I am quite convinced the great 
dramatist wonld have no little difficnlty in making himself under- 
stood in Stratford-on-Avon to-day. For some languages a consider- 
able amount of documentary historical material is available; thus, the 
literary monuments that enable us to study the history of the English 
language succeed each other in a practically uninterrupted series from 
the eighth century A.D. to the present time, while the course of develop- 
ment of Greek in its various dialects can be more or less accurately 
followed from the ninth century B.c., a conservative date for the 
Tfomeric poems, to the present time. 
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For some, in faet for most languages, however, literary monuments 
are either not forthcoming at all or else are restricted to a single 
period of short duration. At first sight it would seem that the sci- 
entific study of such languages would have to be limited to purely 
descriptive rather than historical data. To a considerable extent this 
is necessarily true, yet an intensive study will always yield at least 
some, oftentimes a great deal of, information of a historical char- 
acter. This historical reconstruction on the basis of purely descrip- 
tive data may proceed in two ways. It is obvious that the various 
phonetic and grammatical features of a language at any given time 
are of unequal antiquity, for they are the resultants of changes that 
have taken place at very different periods; hence it is reasonable 
to suppose that internal evidence would, at least within modest 
limits, enable one to reconstruct the relative chronology of the lan- 
guage. Naturally one must proceed very cautiously in reconstruct- 
ing by means of internal evidence, but it is oftentimes surprising how 
much the careful and methodically schooled student can accomplish in 
this way. Generally speaking, linguistic features that are irregular in 
character may be considered as relatively archaic, for they are in the 
nature of survivals of features at one time more widely spread. Not 
infrequently an inference based on internal evidence can be corrobo- 
rated by direct historical testimony. One example will suffice here. 
We have in English a mere sprinkling of noun plurals in -en, such as 
brethren and oven. One may surmise that nouns such as these are but 
the last survivals of a type formerly existing in greater abundance, and 
indeed a study of Old English or Anglo-Saxon demonstrates that noun 
plurals in -en were originally found in great number but were later 
almost entirely replaced by plurals in -s. There is, however, a far 
more powerful method of reconstructing linguistic history from de- 
scriptive data than internal evidence. This is the comparison of genet- 
ically related languages. 

In making a survey of the spoken languages of the world, we soon 
find that though they differ from each other, they do so in quite vary- 
ing degrees. In some cases the differences are not great enough to 
prevent the speakers of the two languages from understanding each 
other with a fair degree of ease, under which circumstances we are apt 
to speak of the two forms of speech as dialects of a single language; in 
other cases the two languages are not mutually intelligible, but, ag in 
the case of English and German, present so many similarities of detail 
that a belief in their common origin seems warranted and indeed nec- 
essary; in still other cases the two languages are at first glance not at 
all similar, but reveal on a closer study so many fundamental traits 
in common that there seems just ground for suspecting a common 
origin. If other languages can be found which serve to lessen the 
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chasm between the two, and particularly if it is possible to compare 
them in the form in which they existed in earlier periods, this sus- 
picion of a common origin may be raised to a practical certainty. 
Thus, direct comparison of Russian and German would certainly yield 
enough lexical and grammatical similarities to justify one in suspect- 
ing them to have diverged from a common source; the proof of such 
genetic relationship, however, can not be considered quite satisfactory 
until the oldest forms of German speech and Germanic speech generally 
have been compared with the oldest forms of Slavie speech and until both 
of these have been further compared with other forms of speech, such 
as Latin and Greek, that there is reason to believe they are genetically 
related to. When such extensive, not infrequently difficult, comparisons 
have been effected, complete evidence may often be obtained of what 
in the first instance would have been merely suspected. If all the forms 
of speech that can be shown to be genetically related are taken to- 
gether and carefully compared among themselves, it is obvious that 
much information will be inferred as to their earlier undocumented 
history; in favorable cases much of the hypothetical form of speech 
from which the available forms have diverged may be reconstructed 
with a considerable degree of certainty or plausibility. If under the 
term history of English we include not only documented but such re- 
constructed history as has been referred to, we can say that at least in 
main outline it is possible to trace the development of our language 
back from the present day to a period antedating at any rate 1500 B.c. 
Tt is important to note that, though the English of to-day bears only 
a faint resemblance to the hypothetical reconstructed Indogermanie 
speech of say 1500 B.c., there could never have been a moment from 
that time to the present when the continuity of the language was 
broken. From our present standpoint that bygone speech of 1500 B.c. 
was as much English as it was Greek or Sanskrit. The history of the 
modern English words foot and its plural feet will illustrate both the 
vast difference between the two forms of speech at either end of the 
series and the gradual character of the changes that have taken place 
within the series. Without here going into the actual evidence on 
which the reconstructions are based, I shall merely list the various 
forms which each word has had in the course of its history. Starting, 
then, with foot—feet, and gradually going Jack in time, we have 
fiit—fit, fot—fét, fot—fite, fot—fate, fot—fati, fol—foti, fot—fotir, 
fol—fotiz, fot—fatis, fot—fates, fod—fides, and finally pod—pédes, 
beyond which our evidence does not allow us to go; the last forms find 
their reflex in Sanskrit p@d—pddas. 

All languages that can be shown to be genetically related, that is, 
to have sprung from a common source, form a historic unit to which 
the term linguistic stock or linguistic family is applied. If, now, we 
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were in a position to prove that all known forms of speech could be 
classified into a single linguistic stock, the apparent parallel above re- 
ferred to between linguistic and biological reconstruction would be a 
genuine one. As it is, we must content ourselves with operating with 
distinct and, as far as we can tell, genetically unrelated linguistic 
stocks. The documentary evidence and the reconstructive evidence 
gained by comparison enable us to reduce the bewildering mass of 
known languages to a far smaller number of such larger stock groups, 
yet the absolute number of these latter groups still remains disquiet- 
ingly large. The distribution of linguistic stocks presents great irreg- 
ularities. In Europe there are only three such represented: the 
Indogermanie or Aryan, which embraces nearly all the better known lan- 
guages of the continent; the Ural-Altaic, the best known representatives 
of which are Finnish, Hungarian and Turkish; and the Basque of 
southwestern France and northern Spain. On the other hand, that 
part of aboriginal North America which lies north of Mexico alone 
embraces fifty or more distinct linguistic stocks. Some stocks, as, for 
instance, the Indogermanic just referred to and the Algonkin of North 
America, are spread over vast areas and include many peoples or tribes of 
varying cultures; others, such as the Basque and many of the aboriginal 
stocks of California, occupy surprisingly small territories. It is pos- 
sible to adopt one of two attitudes towards this phenomenon of the 
multiplicity of the largest known genetic speech aggregates. On the 
one hand one may assume that the disintegrating effects of gradual 
linguistic change have in many cases produced such widely differing 
forms of speech as to make their comparison for reconstructive pur- 
poses of no avail, mm other words, that what appear to us to-day to be 
independent linguistic stocks appear such not because they are in fact 
historically unrelated, but merely because the evidence of such his- 
torical connection has been so obscured by time as to be practically 
lost. On the other hand, one may prefer to see in the existence of 
mutually independent linguistic stocks evidence of the independent 
beginnings and development of human speech at different times and 
places in the course of the remote history of mankind; there is every 
reason to believe that in a similar manner many religious concepts and 
other forms of human thought and activity found widely distributed 
in time and place have had multiple origins, yet more or less paral- 
lel developments. It is naturally fruitless to attempt to decide be- 
tween the monogenetic and polygenetic standpoints here briefly out- 
lined. All that a conservative student will care to do is to shrug his 
shoulders and to say, “Thus far we can go and no further.” It 
should be said, however, that more intensive study of linguistic data 
is from time to time connecting stocks that had hitherto been looked 
upon as unrelated. Yet it can hardly be expected that serious research 
will ever succeed in reducing the present Babel to a pristine unity. 
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Although we can not demonstrate a genetic unity of all forms of 
human speech, it is interesting to observe that there are several funda- 
mental traits that all languages have in common. Perhaps these 
fundamental similarities are worthy of greater attention than they 
generally receive and may be thought by many to possess a high de- 
gree of significance. First of all, we find that in every known lan- 
guage use is made of exactly the same organic apparatus for the pro- 
duction of speech, that is, the glottal passage in the larynx, the nasal 
passages, the tongue, the hard and soft palate, the teeth and the lips. 
The fact that we are accustomed to consider all speech as self-evidently 
dependent on these organs should not blind us to the importance of 
the association. There is, after all, no @ priort reason why the com- 
munication of ideas should be primarily through sound symbols pro- 
duced by the apparatus just defined; it is conceivable that a system 
of sound symbols of noises produced by the hands and feet might have 
been developed for the same purpose. As a matter of fact, there are 
many systems of thought transference or language in the widest sense 
of the word, as a moment’s thought will show, that are independent of 
the use of the ordinary speech apparatus. The use of writing will occur 
to every one as the most striking example among ourselves. Among 
primitive peoples we may instance, to cite only a couple of examples 
of such subsidiary forms of language, the gesture language of the 
Plains Indians of North America and the very highly developed drum 
language of several African tribes. From our present point of view it 
is significant to note that these and other such non-spoken languages 
are either, as in the case of practically all systems of writing, them- 
selves more or less dependent on a phonetic system, that is, speech in the 
ordinary sense of the word, or else are merely auxiliary systems in- 
tended to replace speech only under very special circumstances. The 
fact then remains that the primary and universal method of thought 
transference among human beings is via a special articulating set of 
organs. Much loose talk has been expended by certain ethnologists on 
the relatively important place that gesture occupies in the languages 
of primitive peoples, and it has even been asserted that several so- 
called primitive languages are unintelligible without the use of ges- 
ture. The truth, however, is doubtless that the use of gesture is as- 
sociated not with primitiveness, but rather with temperament. The 
Russian Jew and the Italian, for instance, non-primitive as they are, 
make a far more liberal use of gestures accompanying speech than any 
of the aborigines of North America. 

If we examine in a large way the structure of any given language, 
we find that it is further characterized by the use of a definite phonetic 
systein, that is, the sounds made use of in its words are reducible to a 
limited number of consonants and vowels. It does not seem to be true, 
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certain contradicting statements notwithstanding, that languages are 
to be found in which this phonetic definiteness is lacking and in which 
individual variation of pronunciation takes place practically without 
limit. It is of course freely granted that a certain amount of sound 
variation exists in every language, but it is important to note that such 
variation is always very limited in range and always takes place about 
a well-defined center. All known forms of speech, then, operate with a 
definite apparatus of sounds; statements to the contrary will in most 
cases be found to rest either on a faulty perception on the part of the 
recorder of sounds unfamiliar to his ear or on his ignorance of regular 
sound processes peculiar to the language. Naturally the actual phonetic 
systems found in various languages, however much they may resemble 
each other in this fundamental trait of definiteness, differ greatly in 
content, that is in the sounds actually employed or neglected. This is 
inevitable, for the vast number of possible and indeed existing speech 
sounds makes an unconscious selection necessary. Even so, however, 
it is at least noteworthy with what persistency such simple vowel 
sounds as a and i and such consonants as n and s occur in all parts of 
the world. 

Even more than in their phonetic systems languages are found to 
differ in their morphologies or grammatical structures. Yet also in 
this matter of grammatical structure a survey from a broad point of 
view discloses the fact that there are certain deep-lying similarities, 
very general and even vague in character, yet significant. To begin 
with, we find that each language is characterized by a definite and, 
however complex, yet strictly delimited grammatical system. Some 
languages exhibit a specific type of morphology with greater clearness 
or consistency than others, while some teem with irregularities; yet in 
every case the structure tends to be of a definite and consistently car- 
ried out type, the grammatical processes employed are quite limited in 
number and nearly always clearly developed, and the logical categories 
that are selected for grammatical treatment are of a definite sort and 
number and expressed in a limited, however large, number of grain- 
matical elements. In regard to the actual content of the various mor- 
phologies, we find, as already indicated, vast differences, yet here again 
it is important to note with what persistence certain fundamental log- 
ical categories are reflected in the grammatical systems of practically 
all languages. Chief among these may be considered the clear-cut dis- 
tinction everywhere made between denominating and predicating terms, 
that is between subject and predicate, or, roughly speaking, between 
substantive and verb. This does not necessarily imply that we have in 
all cases to deal with an actual difference in phonetic form between 
noun and verb, though as a matter of fact such differences are generally 
found, but simply that the strncture of the sentence is such as to show 
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clearly that one member of it ts felt by the speaker and hearer to have 
a purely denominating office, another a purely predicating one. It may 
be objected that in Chinese, for instance, there is no formal distinction 
made between noun and verb. True, but the logical distinetion of sub- 
ject and predicate is reflected in the form of the Chinese sentence, inas- 
much as the subjeet regularly precedes the predicate; thus, while the 
same word may be either noun or verb, in any particular sentence it 
necessarily is definitely one and not the other. Other fundamental log- 
ical categories will, on a more complete survey, be found to be subject to 
grammatical treatment in all or nearly all languages, but this is not the 
place to be anything but merely suggestive. Suffice it to remark on the 
wide-spread systematizing of personal relations; the wide-spread devel- 
opment of ideas of tense, number and syntactic case relations; and the 
clear grammatical expression everywhere or nearly everywhere given to 
the largely emotional distinction of declarative, mterrogative and im- 
perative modes. 

Granted that there are certain general fundamental traits of sim- 
ilarity in all known languages, the problem arises of how to explain 
these similarities. Are they to be explained historically, as survivals 
of features deep-rooted in an earliest form of human speech that, 
despite the enormous differentiation of language that the lapse of ages 
has wrought, have held their own to the present day, or are they to be 
explained psychologically as due to the existence of inherent human 
mental characteristics that abide regardless of time and race? If the 
latter standpoint be preferred, we should be dealing with a phenomenon 
of parallel development. It is of course impossible to decide cate- 
gorically between the two explanations that have been offered, though 
doubtless the majority of students would incline to the psychological 
rather than to the historical method. At any rate, it is clear that we 
can not strictly infer a monogenetic theory of speech from the funda- 
mental traits of similarity that all forms of speech exhibit. Yet even 
though these are of psychologic rather than historic interest, it is im- 
portant to have demonstrated the existence of a common psychological 
substratum, or perhaps we had better say framework, which is more or 
less clearly evident in all languages. This very substratum or frame- 
work gives the scientific study of language a coherence and unity quite 
regardless of any considerations of genetic relationship of languages. 

In spite of the fact that, as we have seen, no tangible evidence can 
be brought to bear on the ultimate origin or origins of speech, many 
attempts have been made, particularly in the first half of the nineteenth 
century, when it was more common for historical and philosophical 
problems of extreme difficulty to be attacked with alacrity, to point out 
the way in which human speech originated or at least might have orig- 
inated. From the very nature of the case, these attempts could not but 
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be deductive in method ; hence, however plausible or ingenious in them- 
selves, they have at best a merely speculative, not a genuinely scientific 
interest. We may therefore dispense with anything like a detailed 
inquiry into or criticism of these theories. Two of the most popular 
of them may be respectively termed the onomatopoetic or sound-imita- 
tive and the exclamatory theories. According to the former, the first 
words of speech were onomatopoetic in character, that is, attempts to 
imitate by the medium of the hnman organs of speech, the various cries 
and noises of the animate and inanimate world. Thus, the idea of a 
“hawk ” would come to be expressed by an imitative vocable hased on 
the actual] screech of that bird; the idea of a “ rock” might be expressed 
by a combination of sounds intended in a crude way to reproduce the 
noise of a rock tumbling down hill or of a rock striking against the butt 
of a tree; and so on indefinitely. In course of time, as these imitative 
words by repeated use became more definitely fixed in phonetic form, 
they would tend to take on more and more the character of conventional 
sound-symhols, that is of words, properly speaking. The gradual pho- 
netic modifications brought on in the further course of time would 
finally cause thein to lose their original onomatopoetic form. It may 
be freely granted that many words, particularly certain nouns and verbs 
having reference to auditory phenomena, may have originated in this 
way; indeed, many langnages, among them English, have at various 
times, up to and including the present, made use of such onomatopoetic 
words. It is difficult, however, to see how the great mass of a vocab- 
ulary, let alone a complex system of morphology and syntax, could have 
arisen from an onomatopoetic source alone. The very fact that 
onomatopoetic words of relatively recent origin are found here and 
there in sharp contrast to the overwhelmingly larger non-onomatopoetic 
portion of the language accentuates, if anything, the difficulty of a gen- 
eral explanation of linguistic origins by means of the onomatopoetie 
theory. 

The exclamatory theory, as its name implies, would find the 
earliest form of speech in reflex cries of an emotional character. ‘These 
also, like the hypothetical earliest words of imitative origin, would in 
course of time become conventionalized and sooner or later so modified 
in phonetic form as no longer to betray their exclamatory origin. The 
criticisms urged against the onomatopoetic theory apply with perhaps 
even greater force to the exclamatory one. It is, if anything, even more 
difficult here than in the former case to see how a small vocabulary 
founded on reflex cries could develop into such complex linguistic sys- 
tems as we have actually to deal with. It is further significant that 
hardly anywhere, if at all, do the interjections play any but an incon- 
siderable, almost negligible, part in the lexical or grammatical ma- 
chinery of language. An appeal to the languages of primitive peoples 
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in order to find in them support for either of the two theories referred 
to is of little or no avail. Aside from the fact that their elaborateness 
of structure often seriously militates against our accepting them as 
evidence for primitive conditions, we do not on the whole find either 
the onomatopoetic or exclamatory elements of relatively greater impor- 
tance in them than elsewhere. Indeed the layman would be often sur- 
prised, not to say disappointed, at the almost total absence of onomato- 
poetic traits in many American Indian languages, for instance. In 
Chinook and related dialects of the lower course of the Columbia, ono- 
matopoesis is developed to a more than usual extent, yet, as though to 
einphasize our contention with an apparent paradox, hardly anywhere 
is the grammatical] mechanism of a subtler, anything but primitive 
character. We are forced to conclude that the existence of onomato- 
poetic and exclamatory features is as little correlated with relative 
primitiveness as we have found the use of gesture to be. As with the 
two theories of origin we have thus briefly examined, so it will be 
found to be with other theories that have been suggested. They can 
not, any of them, derive support from the use of the argument of sur- 
vivals in historically known languages; they all reduce themselves to 
merely speculative doctrines. 

So much for general considerations on language history. Return- 
ing to the gradual process of change which has been seen to be charac- 
teristic of all speech, we may ask ourselves what is the most central or 
basic factor in this never-ceasing flux. Undoubtedly the answer must 
be: phonetic change or, to put it somewhat more concretely, minute or 
at any rate relatively trivial changes in pronunciation of vowels and 
consonants which, having crept in somehow or other, assert themselves 
more and more and end by replacing the older pronunciation, which 
becomes old-fashioned and finally extinct. In a general way we can 
understand why changes in pronunciation should take place in the 
course of time by a brief consideration of the process of language learn- 
ing. Roughly speaking, we learn to speak our mother-tongue by 
imitating the daily speech of those who surround us in our childhood. 
On second thoughts, however, it will be seen that the process involved 
is not one of direct imitation, but of indirect imitation based on infer- 
ence. Any given word is pronounced by a succession of various more 
or less complicated adjustments of the speech organs. These adjust- 
ments or articulations give rise to definite acoustic effects, effects which, 
in their totality, constitute speech. Obviously, if the child’s imitative 
efforts were direct, it would have to copy as closely as possible the speech 
articulations which are the direct source of what it hears. But it is 
still more obvious that these speech articulations are largely beyond the 
power of observation and hence imitation. It follows that the actual 
sounds, not the articulations producing them, are imitated. This 
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means that the child is subject to a very considerable period of random 
and, of course, wholly involuntary experimenting in the production of 
such articulations as would tend to produce sounds or combinations of 
sounds approximating more or less closely those the child hears. In 
the course of this experimenting many failures are produced, many 
partial successes. The articulations producing the former, inasmuch 
as they do not give results that match the sounds which it was intended 
to imitate, have little or no associative power with these sounds, hence 
do not readily form into habits; on the other hand, articulations that 
produce successes or comparative successes will naturally tend to be- 
come habitual. It is easy to see that the indirect manner in which 
speech articulations are acquired necessitates an element of error, very 
slight, it may be, but error nevertheless. The habitual articulations 
that have established themselves in the speech of the child will yield 
auditory results that approximate so closely to those used in speech by 
its elders, that no need for correction will be felt. And yet it is in- 
evitable that the sounds, at least some of the sounds, actually pro- 
nounced by the child will differ to a minute extent from the correspond- 
ing sounds pronounced by these elders. Inasmuch as every word is 
composed of a definite number of sounds and as, furthermore, the lan- 
guage makes use of only a limited number of sounds, it follows that 
corresponding to every sound of the language a definite articulation 
will have become habitual in the speech of the child; it follows imme- 
diately that the slight phonetic modifications which the child has intro- 
duced into the words it uses are consistent and regular. Thus if a 
vowel a has assumed a slightly different acoustic shade in one word, it 
will have assumed the same shade in all other cases involving the old 
a-vowel used by its elders, at any rate in all other cases in which the 
old a-vowel appears under parallel phonetic circumstances. 

Here at the very outset we have illustrated in the individual the reg- 
ularity of what have come to be called phonetic laws. The term “ pho- 
netic law ” is justified in so far as a common tendency is to be discovered 
in a large number of individual sound changes. It is important, how- 
ever, to understand that phonetic law is a purely historic concept, not 
one comparable to the laws of natural science. The latter may be said to 
operate regardless of particular times and places, while a phonetic law 
is merely a generalized statement of a process that took place in a 
restricted area within a definite period of time. The real difficulty in 
the understanding of phonetic change in language les not in the fact 
of change itself, nor in the regularity with which such change proceeds 
in all cases affected, but, above all, in the fact that phonetic changes are 
not merely individual, but social phenomena; in other words, that the 
speech of all the members of a community in a given time and place 
undergoes certain regular phonetic changes. Without here attempting 
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to go into the details of this process of the transformation of an indi- 
vidual phonetic peculiarity into a social one, we will doubtless not be 
far wrong in assuming that uniformity is at first bronght about by a 
process of unconscious imitation, mutual to some extent, among the 
younger speakers of a restricted locality, later, perhaps, by the half- 
conscious adoption of the new speech peculiarity by speakers of neigh- 
boring localities, until, finally, it has spread either over the entire area 
in which the language is spoken or over some definite portion of it. 
In the former case the historic continuity of the language as a unit is 
preserved, in the latter a dialectic peculiarity has asserted itself. In 
the course of time other phonetic peculiarities spread that serve to 
accentuate the dialectic division. However, the ranges of operation of 
the different phonetic laws need not be coterminous, so that a network 
of dialectic groupings may develop. At least some of the dialects will 
diverge phonetically more and more, until in the end forms of speech 
will have developed that deserve to be called distinct languages. It can 
not be denied that, particularly after a considerable degree of diverg- 
ence has been attained, other than purely phonetic characteristics 
develop to accentuate a difference of dialect, but every linguistic student 
is aware of the fact that the most easily formulated and, on the whole, 
the most characteristic differences between dialects and between lan- 
guages of the same genetic group are phonetic in character. 

True, some one will say, changes of a purely phonetie character can 
be shown to be of importance in the history of language, but what of 
changes of a grammatical sort? Are they not of equal or even greater 
importance? Strange as it may seem at first blush, it can be demon- 
strated that many, perhaps most, changes in grammatical form are at 
last analysis due to the operation of phonetic laws. Inasmuch as these 
phonetic laws affect the phonetic form of grammatical elements as well 
as of other linguistic material, it follows that such elements may get 
to have a new bearing, as it were, brought about by their change in 
actual phonetic content; in certain cases, what was originally a single 
grammatical element may in this way come to have two distinct forms, 
in other cases two originally distinct grammatical elements may come 
to have the same phonetic appearance, so that if circumstances are 
favorable, the way is paved for confusion and readjustment. Briefly 
stated, phonetic change may and often does necessitate a readjustment 
of morphologic groupings. Tt will be well to give an example or two 
from the history of the English language. In another connection we 
have had occasion to briefly review the history of the words foot and 
feet. We saw that there was a time when these words had respectively 
the form fot and féti. The final i-vowel of the second word colored, 
by a process of assimilation which is generally referred to as “ umlaut,” 
the 6 of the first syllable and made it 6, later unrounded to é; the final 
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i, after being dulled to an e, finally dropped off altogether. The form 
foti thus step by step developed into the later fét, which is the normal 
Anglo-Saxon form. Note the result. In fé¢i and other words of its 
type the plural is expressed by a distinct suffix -i, in fét, as in modern 
English fee¢, and in words of corresponding form it is expressed hy an 
internal change of vowel. Thus an entirely new grammatical feature 
in English, as also in quite parallel fashion in German, was brought 
about by a series of purely phonetic changes, in themselves of no gram- 
matical significance whatever. 

Such grammatical developments on the basis of phonetic changes 
have occurred with great frequency in the history of language. . In the 
long run, not only may in this way old grammatical features be lost 
and new ones evolved, but the entire morphologic type of the language 
may undergo profound modification. A striking example is furnished 
again by the history of the English language. It is a well-known 
feature of English that absolutely the same word, phonetically speaking, 
may often, according to its syntactic employment, be construed as verb 
or as noun. Thus we not only Jove and kiss, but we also give our love 
or a kiss, that is, the words Jove and kiss may be indifferently used to 
predicate or to denominate an activity. There are so many examples 
in English of the formal], though not syntactic, identity of noun stem 
and verb stem that it may well be said that the English language is 
on the way to become of a purely analytic or isolating type, more or 
less similar to that of Chinese. And yet the typical Indogermanic 
language of earlier times, as represented say by Latin or Greek, always 
makes a rigidly formal, not merely syntactic, distinction between these 
fundamental parts of speech. If we examine the history of this truly 
significant change of type in English, we shall find that it has been 
due at Jast analysis to the operation of merely phonetic laws. The 
original Anglo-Saxon form of the infinitive of the verb hiss was cyssan, 
while the Anglo-Saxon form of the noun /vss was cyss. The forms in 
early middle English times became dulled to Aissen and hiss, respect- 
ively. Final unaccented -n later regularly dropped off, so that the 
infinitive of the verb came to be Aisse. In Chaucer’s day the verb and 
the noun were still kept apart as hisse and hiss, respectively; later on, 
as a final unaccented -e regularly dropped off, kisse became kiss, so 
that there ceased to be any formal difference between the verb and 
noun. The history of the Anglo-Saxon verb lufian “to love” and 
noun lufu “love” has been quite parallel; the two finally became con- 
fused in a single form /uv, modern English Jove. Once the pace has 
been set, so to speak, for an interchange in English between verbal and 
nominal use of the same word, the process, by the working of simple 
analogy, is made to apply also to cases where in origin we have to deal 
with only one part of speech; thus we may not only have a sick stomach, 
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but we may stomach an injury (noun becomes verb), and conversely 
we may not only write up a person, but he may get a write up (verb 
becomes noun). It has, I hope, become quite clear by this time how 
the trivial changes of pronunciation that are necessitated by the very 
process of speech acquirement may, in due course of time, profoundly 
change the fundamental characteristics of language. So also, if I 
may be pardoned the use of a simile, may the slow erosive action of 
water, continued through weary ages, profoundly transform the char- 
acter of a landscape. If there is one point of historic method rather 
than another that the scientific study of language may teach other 
historical sciences, it is that changes of the greatest magnitude may 
often be traced to phenomena or processes of a minimal magnitude. 

On the whole, phonetic change may be said to be a destructive or at 
best transforming force in the history of language. Reference has 
already been made to the influence of analogy, which may, on the con- 
trary, be considered a preservative and creative force. In every lan- 
guage the existing morphological groups establish more or less definite 
paths of analogy to which all or practically all the lexical material is 
subjected; thus a recently acquired verb like to telegraph in English is 
handled in strict analogy to the great mass of old verbs with their vary- 
ing forms. Such forms as he walks and he laughs set the precedent 
for he telegraphs, forms like walking and laughing for telegraphing. 
Without such clear-cut grooves of analogy, indeed, it would be impos- 
sible to learn to speak, a corollary of which is that there is a limit to 
the extent of grammatical irregularity in any language. When, for 
some reason or other, as by the disintegrating action of phonetic laws, 
too great irregularity manifests itself in the morphology of the lan- 
guage, the force of analogy may assert itself to establish comparative 
regularity, that is, forms which belong to ill-defined or sparsely repre- 
sented morphologic groups may be replaced by equivalent forms that 
follow the analogy of better-defined or more numerously represented 
groups. In this way all the noun plurals of English, if we except a 
few survivals hke feef and oxen, have come to be characterized by a 
suffixed -s; the analogical power of the old -s plurals was strong enough 
to transform all other plurals, of which Anglo-Saxon possessed several 
distinct types. The great power exerted by analogy is seen in the 
persistence with which children, whose minds are naturally unbiased 
by tradition, use such forms as foots and he swimmed. Let us not 
smile too condescendingly at the use of such forms; it may not be going 
too far to say that there is hardly a word, form, or sound in present-day 
English which was not at its first appearance looked upon as incorrect. 

The disintegrating influence of phonetic change and the leveling 
influence of analogy are perhaps the two main forces that make for 
linguistic change. The various influences, however, that one language 
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may exert upon another, generally summed up in the word borrowing, 
are also apt to be of importance. As a rule such influence is limited 
to the taking over or borrowing of certain words of one language by 
another, the phonetic form of the foreign word almost always adapting 
itself to the phonetic system of the borrowing language. Besides this 
very obvious sort of influence, there are more subtle ways in which one 
language may influence another. It is a very noteworthy phenomenon 
that the languages of a continuous area, even if genetically unrelated 
and however much they may differ among themselves from the point of 
view of morphology, tend to have similar phonetic systems or, at any 
rate, tend to possess certain distinctive phonetic traits in common. 
It can not be accidental, for instance, that both the Slavic languages 
and some of the neighboring but absolutely unrelated Ural-Altaic lan- 
guages (such as the Cheremiss of the Volga region) have in common 
a peculiar dull vowel, known in Russian as yert, and also a set of 
palatalized or so-called “soft” consonants alongside a parallel set of 
unpalatalized or so-called “ hard” consonants. Similarly, we find that 
Chinese and Siamese have in common with the unrelated Annamite 
and certain other languages of Farther India a system of musical 
accent. <A third very striking example is afforded by a large number 
of American Indian linguistic stocks reaching along the Pacific coast 
from southern Alaska well into California and beyond, which have in 
common peculiar voiceless /-sounds and a set of so-called “ fortis ” 
consonants with cracked acoustic effect. It is obvious that in all these 
cases of comparatively uniform phonetic areas embracing at the same 
time diverse linguistic stocks and types of morphology we must be deal- 
ing with some sort of phonetic influence that one language may exert 
upon another. It may also be shown, though perhaps less frequently, 
that some of the morphologic traits of one language may be adopted 
by a neighboring, sometimes quite unrelated, language, or that certain 
fundamental grammatical features are spread among several unrelated 
linguistic stocks of a continuous area. One example of this sort of 
influence will serve for many. ‘The French express the numbers 70, 
80 and 90, respectively, by terms meaning 60-10, 4 twenties and 4 
twenties 10; these numerals, to which there is no analogy in Latin, 
have been plausibly explained as survivals of a vigesimal method of 
counting, that is counting by twenties, the numbers above 20, a method 
that would seem to have been borrowed from Gallic, a Celtic language, 
and which still survives in Gaelic and other modern Celtic languages. 
This example is the more striking as the actual lexical influence which 
Celtic has exerted upon French is surprisingly small. So much for the 
influence of borrowing on the history of a language. 

We may turn now to take up the matter of the varieties of human 
speech. One method of classifying the languages of the world has been 
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already referred to; it may be termed the genetic method, inasmuch as 
it employs as its criterion of classification the demonstrable relation of 
certain languages as divergent forms of some older form of speech. 
As we have already seen, the linguistic stocks which we thus get as our 
largest units of speech are too numerous to serve as the simplest pos- 
sible reduction of the linguistic material to be classified. One naturally 
turns, therefore, to a psychological classification, one in which the 
classificatory criterion is the fundamental morphological type to which 
a particular language or stock is to be assigned. Such a elassification 
of morphological types may proceed from different points of view, vary- 
ing emphasis being laid on this or that feature of morphology. It is 
clear at the outset that we have to distinguish between what we may 
call the subject-matter or content of morphology and the mere form 
pure and simple. Any grammatical system gives formal expression to 
certain modes or categories of thought, but the manner of expression 
of these categories or the formal method employed may vary greatly 
both for different categories and for different languages. Not infre- 
quently the same logical category may be expressed by different formal 
methods in the same language. Thus, in Enghsh, the negative idea is 
expressed by means of three distinct formal methods exemplified by 
untruthful, with its use of a prefix un-, which can not occur as a freely 
movable word ; hopeless, with its use of a suffix -less, which again can 
not occur as a freely movable word; and not good, in which the nega- 
tive idea is expressed by an element (not) that has enough mobility to 
justify its being considered an independent word. We have here, then, 
three formal processes illustrated to which may be assigned the terms 
prefixing, suffixing and juxtaposing in definite order. While the same 
logical category may be grammatically expressed by different formal 
methods, it is even more evident that the same general formal method 
may be utilized for many different categories of thought. Thus, in 
English, the words books and worked use the same method of suffixing 
grammatical elements, the one to express the concept of plurality, the 
other that of past aetivity. The words feet and swam, furthermore, 
respectively express the same two concepts by the use of an entirely 
distinct formal method, that of internal vowel change. 

On the whole one finds that it is possible to distinguish between two 
groups of grammatically expressed logical categories. One group may 
be characterized as derivational; it embraces a range of concepts ex- 
pressed by grammatical elements that serve to limit or modify the 
signification of the word subjected to grammatical treatment without 
seriously affecting its relation to other words in the sentence. Such 
merely derivational elements are, in English, prefixes ike un-, suffixes 
like -less, agentive suffixes like -er in baker, and numerous others. The 
second group of logical concepts and corresponding grammatical ele- 
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ments may be characterized as relational; they not merely serve to give 
the word affected a new increment of meaning, as is the case with the 
first group, but also assign it a definite syntactic place in the sentence, 
defining as they do its relation to other words of the sentence. Such 
a relational grammatical element, in English, is the plural -s suffix; 
a word, for instance, like books differs from its corresponding singular 
book not merely in the idea of plurality conveyed by the suffix -s, but 
assumes a different grammatical relation to other words in the sentence 
—a book ts, but books are. Such relational elements are, furthermore, 
the case and gender suffixes of nouns and adjectives im Indogermanic 
languages; furthermore, the personal endings and tense suffixes of 
verbs. On the whole it may be said that derivational clements are of 
relatively more concrete signification than the relational ones and tend 
to become more thoroughly welded into a word unit with the basic word 
or stem to which they are attached or which they affect. This state- 
ment, however, is only approximately of genera] application and is sub- 
ject to numerous qualifications. The greatest degree of concreteness 
of meaning conveyed by derivational elements is probably attained in 
many, though by no means all, American Indian languages, where ideas 
of largely material content are apt to be expressed by grammatical 
means. ‘To this tendency the name of polysynthesis has been applied. 
Thus in Yana, an Indian language of northern California, such ideas 
as up a hill, across a creek, in the fire, to the east, from the south, 
immediately, in vain and a host of others are expressed by means of 
grammatical suffixes appended to the verb stem; so also in Nootka, an 
Indian language of Vancouver Island, so highly special ideas as on the 
head, in the hand, on the rocks, on the surface of the water, and many 
others, are similarly expressed as suffixes. It is important to note that, 
although the distinction between derivational and relational grammat- 
ical elements we have made is clearly reflected in some way or other in 
most languages, they differ a great deal as to what particular logical 
concepts are treated as respectively derivational or relational. Such 
concepts as those of sex gender, number and tense, which in Indo- 
germanic are expressed as relational elements, are in other linguistic 
stoeks hardly to be separated, as regards their grammatical treatment, 
from concepts treated in a clearly derivational manner. On the other 
hand, demonstrative ideas, which in most Indogermanic languages 
receive no relational syntactic treatment, may, as in the Kwakiutl 
language of British Columbia, serve an important relational function, 
analogous, say, to the Indogermanic use of gender; just as in Latin, 
for instance, such a sentence as “J saw the big house” is expressed by 
“T-saw house-masculine-objective big-masculine-objective,” with a 
necessary double reference to the concepts of case relation and gender, 
so in Kwakiutl the sentence “I saw the house” would have to be ex- 
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pressed by some such sentence as “ I-saw-the-objective-near-you house- 
visible-near-you,”’ with an analogous necessary double reference to the 
demonstrative relations involved. If, now, it has been shown that no 
necessary correlation exists between particular logical concepts and the 
formal method of their grammatical rendering, and if, furthermore, 
there can not even be shown to be a hard and fast line in grammatical 
treatment between concepts of a derivational and concepts of a more 
definitely relational character, what becomes of the logical category 
per sé as a criterion of linguistic classification on the basis of form? 
Evidently it fails us. Of however great psychological interest it might 
be to map out the distribution in various linguistic stocks of logical 
concepts receiving formal treatment, it is clear that no satisfactory 
formal classification of linguistic types would result from such a 
mapping. 

Having thus disposed of the subject-matter of linguistic morphol- 
ogy as a classificatory criterion, there is left to us the form pure and 
simple. Here we are confronted first of all by a number of formal 
grammatical methods or processes. These, being less numerous than 
the logical categories which they express themselves, and, furthermore, 
being on the whole more easily defined and recognized, would seem to 
lend themselves more easily to classificatory purposes. The simplest 
grammatical process is the juxtaposing of words in a definite order, a 
method made use of to perhaps the greatest extent by Chinese, to a 
very large extent also by English; the possibilities of the process from 
the point of view of grammatical effectiveness may be illustrated by 
comparing such an English sentence as “The man killed the bear” 
with “The bear killed the man,” the actual words and forms being 
identical in the two sentences, yet definite case relations being clearly 
expressed in both. A somewhat similar process, yet easily enough kept 
apart, is compounding, that is, the fusion of two words or independent 
stems, into a firm word-unit; the process is particularly well developed 
in English, as illustrated by words like ratlroad and underestimate, 
and indeed is found widely spread among the most diverse linguistic 
stocks. In some languages, as in the Sioux and Paiute of our own 
country, compounding of verb stems is frequent, as illustrated by such 
forms as to eat-stand, that is to eat while standing; on the other hand, 
in not a few linguistic stocks, as the wide-spread Athabascan stock of 
North America and the Semitic languages, compounding as a regular 
process is almost or entirely lacking. Perhaps the most commonly 
used formal method of all is affixing, that is, the appending of gram- 
matical elements to a word or to the body or stem of a word; the two 
most common varicties of affixing are prefixing and suffixing, examples 
of which have been already given from English. Probably the major- 
ity of linguistic stocks make use of both prefixes and suffixes, though 
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they differ greatly as to the relative importance to be attached to these 
two classes of elements. Thus, while both in Indogermanic and in the 
Bantu languages of Africa prefixes and suffixes are to be found, we 
must note that the greater part of the grammatical machinery of Indo- 
germanic is carried on by its suffixes, while it is the prefixes that in 
Bantu take the lion’s share of grammatical work. There are also not 
a few linguistic stocks in which suffixing as a process is greatly de- 
veloped, while prefixing is entirely unknown; such are Ural-Altaic, 
Eskimo, and the Kwakiutl and Nootka languages of British Columbia. 
On the other hand, languages in which prefixes are used, but no suf- 
fixes, seem to be quite rare. A third variety of affixing, known as in- 
fixing, consists in inserting a grammatical element into the very body 
of a stem; though not nearly so wide-spread as either prefixing or 
suffixing, it is a well-attested linguistic device in Malayan, Siouan, 
and elsewhere. Still another wide-spread grammatical process is re- 
duplication, that is, the repetition of the whole or, generally, only 
part of the stem of a word; in Indogermanic we are familiar with this 
process in the formation, for instance, of the Greek perfect, while in 
many American Indian languages, though in far from all, the process 
is used to denote repeated activity. Of a more subtle character than 
the grammatical processes briefly reviewed thus far is internal vowel or 
consonant change. 'The former of these has been already exemplified 
by the English words feet and swam as contrasted with foot and 
swim; it attains perhaps its greatest degree of development in the 
Semitic languages. The latter, internal consonant change, is on the 
whole a somewhat rare phenomenon, yet finds an illustration in Eng- 
lish in at least one group of cases. Beside such nouns as house, mouse, 
and teeth we have derived verbs such as to house, mouse around, and 
teeth; in other words a certain class of verbs is derived from corre- 
sponding nouns by the changing of the final voiceless consonants of 
the latter to the corresponding voiced consonants. In several non- 
Indogermanic linguistic stocks, as in Takelma of southwestern Oregon 
and in Fulbe of the Soudan, such grammatical consonant changes 
play a very important part. As the last formal grammatical process 
of importance may be mentioned accent, and here we have to distin- 
guish between stress accent and musical or pitch accent. An excellent 
example of the grammatical use of stress accent is afforded in Eng- 
lish by such pairs of words as cénflict and conflict, 6bject and objéct, 
the verb being accented on the second syllable, the noun on the first. 
Musical accent is a far more prevalent phonetic characteristic than is 
perhaps generally supposed ; it is by no means confined to Chinese and 
neighboring languages of eastern Asia, but is found just as well in 
many languages of Africa and, as has been recently discovered by Mr. 
J. P. Harrington and the writer, in a few North American Indian 
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languages. As a process of definite grammatical significance, how- 
ever, musical accent is not so wide-spread. It is found, to give but one 
example, in the earher stages of Indogermanic, as exemplified, among 
others, by classical Greek and by Lithuanian. 

Having thus briefly reviewed the various grammatical processes 
used by different languages, we may ask ourselves whether the map- 
ping ont of the distribution of these processes would be of more serv- 
ice to us in our quest of the main types of language than we have 
found the grammatical treatment of logical concepts to be. Here a 
difficulty presents itself. If each linguistic stock were characterized 
by the use of just one or almost entirely one formal process, it would 
not be difficult to classify all languages rather satisfactorily on the 
basis of form. But there are great’ differences in this respect. A 
minority of linguistic stocks content themselves with a consistent and 
thoronghgoing use of one process, as does Eskimo with its suffixing 
of grammatical elements, but by far the larger number make use of 
so many that their classification becomes difficult, not to say arbitrary. 
Thus in Greek alone every one of the processes named above, excepting 
consonant change, can be exemplified. Even if we limit ourselves to a 
consideration of grammatical processes employed to express the rela- 
tional concepts, we shall find the same difficulty, for the same language 
not infrequently makes use of several distinct processes for concepts 
of this class. 

On a closer study of linguistic morphology, however, we find that 
it is possible to look at the inatter of form in language from a differ- 
ent, at the same time more generalized, point of view than from that 
of the formal processes employed themselves. This new point of view 
has regard to the inner coherence of the words produced by the opera- 
tion of the various gran. .ical processes, in other words, to the rela- 
tive degree of unity which the stem or unmodified word plus its vari- 
ous grammatical increments or modifications possesses, emphasis being 
particularly laid on the degree of unity which the grammatical proc- 
esses bring about between the stem and the increments which express 
relational concepts. On the basis of this formal criterion we may 
classify languages, at least for the purposes of this paper, into the 
three main types of linguistic morphology generally recognized. The 
first type is characterized by the use of words which allow of no gram- 
matical modification whatever, in other words the so-called isolating 
type. In a language of this type all relational concepts are expressed 
by means of the one simple device of juxtaposing words in a definite 
order, the words themselves remaining unchangeable units that, ac- 
cording to their position in the sentence, receive various relational 
values. The classical example of such a language is Chinese, an illus- 
tration from which will serve as an example of the isolating type of 
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sentence. wdo* (rising from deep tone) pu? (rising from high) 
pa* (sinking from middle) ¢a@* (high) may be literally translated 
“T not fear he,” meaning “I do not fear him”; wéo® “I” as subject 
comes first: p‘d* “fear” as predicate follows it; pi? “ not,” inasmuch 
as it limits the range of meaning given by the predicate, must precede 
it, hence stands between the subject and predicate; finally ta? “ he” 
as object follows the predicate. If we exchange the positions of 
woo* and tat we change their syntactical bearing; woo? “I” becomes 
“me” as object, while ¢@', which in our first sentence was best 
translated as “ him” now becomes “he” as subject, and the sentence 
now takes on the meaning of “ he does not fear me.” . 

In the second main type of langnage, generally known as the ag- 
glutinative, the words are not generally unanalyzable entities, as in 
Chinese, but consist of a stem or radical portion and one or more gram- 
matical elements which partly modify its primary signification, partly 
define its relation to other words in the sentence. While these gram- 
matical elements are in no sense independent words or capable of being 
understood apart from their proper use as subordinate parts of a 
whole, they have, as a rule, their definite signification and are used 
with quasi-mechanical regularity whenever it is considered gram- 
matically necessary to express the corresponding logical concept; the 
result is that the word, though a unit, is a clearly segmented one com- 
parable to a mosaic. An example taken from Turkish, a typical ag- 
elutinative language, will give some idea of the spirit of the type it 
represents. The English sentence “They were converted into the 
(true) faith with heart and sonl” is rendered in Turkish dzan u 
goniil-den iman-a gel-ir-ler? literally translated, “ Heart and soul-from 
belief-to come-ing-plural.” The case-ending -den “from” is here 
appended only to géniil “soul” and not to dzan “heart,” though it 
apples equally to both; here we see quite clearly that a case-ending is 
not indissolubly connected with the noun to which it is appended, but 
has a considerable degree of mobility and corresponding transparency 
of meaning. The verb form gel-ir-ler, which may be roughly trans- 
lated as “they come,” is also instructive from our present point of 
view; the ending -ler or -lar is quite mechanically used to indicate the 
concept of plurality, whether in noun or verb, so that a verb form 
“they come,’ really “come-plural,” is to some extent parallel to a 
noun form like “ books,” really © book-plural.” Tere we see clearly 
the mechanical regularity with which a logical concept and its corre- 
sponding grammatical element are associated. 

In the third, the inflective, type of language, while a word may be 
analyzed into a radical portion and a number of subordinate gram- 

*The Turkish and Chinese examples are taken from F. N. Fisk’s ‘‘Die 
Haupttypen des Sprachbaus.’’ 
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matical elements, it is to be noted that the unity formed by the two is 
a very firm one, moreover that there is by no means a mechanical one- 
to-one correspondence between concept and grammatical element. An 
example from Latin, a typical inflective language, will illustrate the 
difference between the agglutinative and inflective types. In a sen- 
tence like videé hominés “ I see the men,” it is true that the verb form 
vided may be analyzed into a radical portion vide- and a personal end- 
ing -d, also that the noun form hominés may be analyzed into a radical 
portion homin- and an ending -és which combines the concepts of 
plurality with objectivity, that is, a concept of number with one of 
case. But, and here comes the significant point, these words, when 
stripped of their endings, cease to have even a semblance of meaning, 
in other words, the endings are not merely agglutinated on to fully- 
formed words, but form firm word-units with the stems to which they 
are attached; the absolute or rather subjective form homd, “ man,” is 
quite distinct from the stem homin- which we have obtained by analy- 
sis. Moreover, it should be noted that the ending -6 is not mechan- 
ically associated with the concept of subjectivity of the first person 
singular, as is evidenced by such forms as vidi “I saw” and videam 
“JT may see”; in the ending -és of hominés the lack of the mechanical 
association I have spoken of is even more pronounced, for not only 
are there in Latin many other noun endings which perform the same 
function, but the ending does not even express a single concept, but, as 
we have seen, a combined one. 

The term polysynthetic is often employed to designate a fourth 
type of language i »resented chiefly in aboriginal America, but, as has 
been shown in another connection, it refers rather to the content of a 
morphologic system than to its form, and hence is not strictly parallel 
as a classificatory term to the three we have just examined. As a 
matter of fact, there are polysynthetic languages in America which 
are at the same time agglutinative, others which are at the same time 
inflective. 

It should be carefully borne in mind that the terms isolating, agglu- 
tinative and inflective make no necessary implications as to the logical 
concepts the language makes use of in its grammatical system, nor is it 
possible definitely to associate these three types with particular formal 
processes. It is clear, however, that on the whole languages which 
make use of word order only for grammatical purposes are isolating in 
type, further, that languages that make a liberal grammatical use of 
internal vowel or consonant change may be suspected of being inflective. 
It was quite customary formerly to look upon the three main types of 
morphology as steps in a process of historical development, the isolating 
type representing the most primitive form of speech at which it was 
possible to arrive, the agglutinative coming next in order as a type 
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evolved from the isolating, and the inflective as the latest and so-called 
highest type of all. Further study, however, has shown that there 1s 
little to support this theory of evolution of types. The Chinese lan- 
guage, for instance, so far from being typical of a primitive stage, as 
used to be asserted, has been quite conclusively proven by internal and 
comparative evidence to be the resultant of a long process of simplifica- 
tion from an agglutinative type of language. English itself, in its 
historical affiliations an inflective language, has ceased to be a clear 
example of the inflective type and may perhaps be said to be an isola- 
ting language in the making. Nor should we be too hasty in attaching 
values to the various types and, as is too often done even to-day, look 
with contempt on the isolating, condescendingly tolerate the agglu- 
tinative, and vaunt the superiority of the inflective type. A well- 
developed agglutinative language may display a more logical system 
than the typically inflective language. And as for myself, I should 
not find it ridiculous or even paradoxical if one asserted that the most 
perfect linguistic form, at least from the point of view of logic, had 
been attained by Chinese, for here we have a language that, with the 
simplest possible means at its disposal, can express the most technical 
or plilosophical ideas with absolute lack of ambiguity and with ad- 
mirable conciseness and directness. 
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UNIVERSITY STANDARDS AND STUDENT ACTIVITIES 


By ORRIN LESLIE ELLIOTT 


REGISTRAR, STANFORD UNIVERSITY 


ie a recent address before the Stanford Forum Professor Barrows 

made reference to the current criticism and depreciation of the 
American college. This criticism may be summed up in the statement 
that the college does not make good. Its output is woefully disappoint- 
ing. Its business is to prepare young men and women for effective hv- 
ing in their time and place, to equip them for the responsibilities and 
duties which every generation in turn must meet and discharge if the 
standards of civilization are to be maintained and pushed forward. The 
charge is that college graduates do not meet the test: they do not meas- 
ure up to the requirements; they are deficient in those very qualities 
which the higher education is supposed especially to nurture. 

Professor Barrows would frankly accept the situation: the fact is 
mainly true; the explanation is that too much has been expected of the 
college. College students are too immature. As one goes about the 
campus }’ is groups of boys and girls that he meets, full of the play- 
time spirit, not taking learning seriously, their minds filled with games 
and social functions. Better recognize that it is so, consider the college 
period as an extension of the playground, and not expect of it equip- 
ment for the serious part of life. 

Professor Barrows was holding a brief for the graduate school, 
whose function should he, as he conceived it, to do exactly what it is 
unreasonable to expect of the undergraduate college. That point I do 
not wish to follow. But that which Professor Barrows passed off care- 
lessly as an added argument for the graduate school may well be the 
object of further inquiry. If it is true that the college has failed there 
is something pathetic in the situation thus presented; because educa- 
tion is the one thing to which democracy has pinned its faith. And the 
outward progress of education has been all and more than its wildest 
enthusiasts could have dreamed. From kindergarten to university the 
wealth of the state has been poured out, and the state’s bounty supple- 
mented by unparalleled private munificence, until the highest education 
is within reach of the humblest youth in the land. Within a single 
generation, while population has increased but a hundred per cent., 
the attendance upon institutions of higher education has increased four 
hundred per cent. The expansion in secondary education has been no 
less significant. In 1880 there were no four-year igh schools in the 
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United States, and the whole number of secondary schools, public and 
private, was only 1,400. In 1907 the number had risen to 10,238, an 
increase of over 700 per cent. And the modern high-school course 
comprehends a broader training than was given by the college of fifty 
years ago! Everything would seem to be prepared for college work of 
the highest efficiency. 

By common admission, quite the contrary is the case. Different 
colleges are differently affected, but the same virus has found its way to 
all. “ The college has lost its definiteness of aim,” says ex-President 
Woodrow Wilson. “ There is no question,” affirms Mr. Flexner, “ that 


the college is under fire... . The college faces the new and unforeseen 
problems rather helplessly. It is bewildered. . . . Unless I greatly 


err, the college has already lost a trick or two.” “ Notwithstanding 
the enormous improvenient and growth in machinery, plant and facili- 
ties of our colleges,” declares Myr. Birdseye, “ their methods and sys- 
tems are archaic and the average of their product—from the point of 
good workmanship—has decidedly deteriorated.” “'The important 
thing *—I qnote from Flexner’s ‘“ American College ”—* is to realize 
that the American college is deficient, and unnecessarily deficient, alike 
in earnestness and in pedagogical intelligence; that in consequence our 
college students are, aud for the most part, emerge, flighty, superficial, 
and immature, lacking, as a class, concentration, seriousness and 
thoroughness. . . . A youth may win his degree on a showing that 
would in an office cost him his desk.” There is “on the one side a 
formidable array of scholars and scientists, libraries, laboratories, pub- 
lications ; on the other, a large miscellaneous student body, marked by 
an immense sociability on a commonplace basis and wide-spread ab- 
sorption in trivial and boyish interests. How are we to account for 
the disparity? Clearly the college fails to enlist a respectable portion 
of the youth’s total energy in intellectual effort; either its sincerity or 
its pedagogical intelligence is discredited by the occupations and diver- 
sions which it finds not incompatible with its standards and expecta- 
tions.” “So far as the colleges are concerned,” says Professor Miinster- 
berg, “one imperative change stands in the center of every platform: 
scholarship must receive a more dignified standing in the eyes of the 
undergraduates. .. . So long as the best human material in our col- 
leges considers it as more or less below its level to exert effort on its 
studies; so long as it gladly leaves the high marks to the second-rate 
grinds, and considers it the part of a real gentleman to spend four 
years with work done well enough not to be dismissed, and poorly 
enough never to excel, there is something vitally wrong in the aca- 
demic atmosphere.” President Lowell, in a recent address before the 
University Convocation at Albany, said: “It requires little familiarity 
with students to recognize that they not only regard the athlete or the 
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man of social prominence as a far more promising personality than the 
high scholar, but that rank itself is in their minds little or no indica- 
tion whatever of the qualities that make for success in life. This feel- 
ing seems to have been progressive, as is shown by the very words used 
to indicate the student who works hard. A generation ago he was called 
a ‘grind,’ but now he is often referred to as a ‘ greasy grind,’ the ad- 
jective, of course, being used to denote contempt. In fact, it may be 
doubted whether the respect for scholarship has ever been so low in any 
institution of learning as it is in American colleges at the present day.” 
We may listen also to the breezy catalogne of our neighbor, Professor 
Gayley. Speaking of the college student, he says: “What with so- 
called ‘ college activities,’ by which he must prove his allegiance to the 
university, and social functions by which he must recreate his jaded 
soul, no margin is left for the one and only college activity—which is 
study. Class meetings, business meetings, committee meetings, edi- 
torial meetings, football rallies, vicarions athletics on the bleachers, 
garrulous athletics in dining room and parlor and on the porch, re- 
hearsals of the glee club, rehearsals of the mandolin club and of the 
banjo, rehearsals for dramatics, college dances and class banquets, fra- 
ternity dances and suppers, preparations for the dances and banquets, 
more committees for the preparations; a running up and down the 
campus for ephemeral items for ephemeral articles in ephemeral papers, 
a soliciting of advertisements, a running up and down for subseriptions 
to the dances and the dinners and the papers and the clubs; a running 
up and down in college politics, making tickets, pulling wires, adjust- 
ing combinations, canvassing for votes—canvassing the girls for votes, 
spending hours at sorority houses for yotes—spending hours at sorority 
houses for sentiment; talking rubbish unceasingly, thinking rubbish, 
revainping rubbish—rubbish about high junks, rubbish about low, rub- 
bish about rallies, rubbish about pseudo-civic honor, rubbish about 
girls;—what margin of leisure is left for the one activity of the col- 
lege, which is study?” 

According to the Briggs report of 1904 Harvard students averaged 
twelve hours of class-room work and thirteen hours of outside work per 
week, or four hours per day only, devoted to the business of the under- 
graduate. Four years later the dean could still say: “ That the present 
standard of work ‘ to pass’ is low, the investigations of the Committee 
on Improving Instruction showed; undergraduates of to-day almost 
without exception frankly admit it. To obtain the necessary number of 
‘grades above D’ (‘the reqnisite number of (C’s, is the common 
phrase) requires almost no steady, and only briefly concentrated, labor; 
nowhere except in a college would the work which produces ‘ the requi- 
site number of C’s,’ the so-called satisfactory record, be tolerated from 
youths of equal age and endowment—nowhere else where young men 
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are supposed to be seriously at work is so low a standard in quality en- 
dured.”” In his report of the same year Dean Ferry, of Williams, says: 
“The spirit of the college is excellent in all respects save that of lack 
of seriousness toward the work of the class room. Could the under- 
graduate be made to believe that it is worth while to devote serious and 
uninterrupted effort to the study of the matter set before him in his 
college courses, the atmosphere of the college would leave little to be 
desired.” 

Mr. Birdseye counted twenty-seven distinct interests and occupa- 
tions which engage the student in a modern university, outside of the 
work for which the university exists. ‘The teachers in our colleges,” 
says Woodrow Wilson, “ are men of learning and conceive it their duty 
to impart learning; but their pupils do not desire it; and the parents 
of their pupils do not desire it for them. ... Many of the parents of 
our modern undergraduates will frankly tell you that what they want 
for their sons is not so munch what they will get in the class room as 
something else, which they are at a loss to define, which they will get 
from the associations of college life.” Speaking of amusements and 
athletic activities, he says: “ Athletics has no competitor except these 
amusements and petty engrossments; they have no serious competitor 
except athletics. The scholar is not in the game. He keeps modestly 
to his class room and his study and must be looked up and asked ques- 
tions if you would know what he is thinking about. . . . He deplores 
athletics and all the other absorbing and non-academic pursuits which 
he sees drawing the attention of his pupils... but he will not enter 
into competition with them.” 

In looking about for a scapegoat our critics have found the elective 
system the most handy. Those who hark back to the old humanistic 
college, like Princeton’s ex-president, and those who recognize that the 
old has gone forever, like Mr. Flexner, seem to unite on this point. The 
elective system does well enough for the seriously minded. What does 
it do for his brother, of opposite inclination? asks Mr. Flexner. “It 
simply furnishes him an abundant opportunity to exercise a low inge- 
nuity in picking his way to a degree with the least exertion, the least 
inconvenience in the way of hours, the least shock to the prejudices 
which function for him in place of ideas, tastes and convictions. He 
comes out at the spout as he went in at the hopper—except for the 
additional moral havoc wrought by four years of ‘ beating the game.’ ” 
Woodrow Wilson finds the evil of the elective system, not so much in 
the easy escape of the loafer as in the heterogeneity introduced, the 
dilution of the college atmosphere with professional and vocational 
aims. “It is notorious,” he says, “how deep and how narrow the ab- 
sorptions of the professional school are... . The work to be done in 
them is as exact, as definite, as exclusive as that of the office and the 
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shop. . . . It does not beget generous’ comradeship or any ardor of al- 
truistic feeling such as the college begets. It does not contain that 
general air of the world of science and letters in which the mind seeks 
no special interest, but feels every intimate impulse of the spirit set 
free to think and observe and listen—listen to all the voices of the 
mind.” Yet Prinecton, of all American colleges freest of the taint of 
the elective system, had become, as described by ex-President Wilson 
himself, the pleasantest country club in America. Under the precep- 
torial system ex-President Wilson is now able to report Princeton as a 
place where undergraduates do a fair amount of good, intelligent work 
—‘bnut,” he adds, “ nothing to get excited about”! 

President Lowell notes that what has given these twenty-seven oc- 
cupations—at least the absorbing ones—their fascination is the spirit 
of emulation which they foster and bring out to its fullest extent. The 
corrective therefor is to put the spirit of emulation into scholarship, 
to find the American equivalent to the Oxford and Cambridge dual 
pass-and-honor system. On this point Professor Miinsterberg says: 
“Tf we can foster scholarship by an appeal to the spirit of rivalry, by 
all means let us use it. We may hope that as soon as better traditions 
have been formed, and higher opinions have been spread, the interest in 
the serious work will replace the motives of vanity. ... Of course, no 
one can overlook some intrinsic difficulties in the way of such plans. 
No artificial premium can focus on the scholar that same amount of 
flattering interest and notoriety which the athletic achievement repre- 
sents, in that little field, a performance which may be compared with 
the best. The scholarly work of the undergraduate, on the other hand, 
at its highest point necessarily remains nothing but a praiseworthy 
exercise, Incomparable with the achievements of great scholars. The 
student football player may win a world’s record; the student scholar 
in the best case may justify noble hopes, but his achievement will be 
surpassed by professional scholars every day.” 

In trying to domesticate the Oxford-Cambridge system Columbia 
has lit upon an interesting principle of segregation, described in the 
October Educational Review. A generation ago few students entered 
college without the definite desire to obtain a scholarly education. The 
student body was small and united in aim. To-day conditions are far 
otherwise. The spread of popular secondary education, the rapid in- 
crease and distribution of wealth, have placed a college education 
within the reach of those lacking both scholarly ambition and the tra- 
ditions of culture, but to whom have come the opportunity and desire 
for social betterment. A boy of this sort is sent to college in order that 
in later life he may mingle freely and equally with college-bred men, 
that he may learn how to get along with his fellows, and by contact 
with them have his angularities removed. “It is quite idle,” declares 
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Professor Mitchell, “ to object that the college exists primarily for the 
production of scholarship and the training of scholars. ... That has 
happened in collegiate education which is not nnknown in commercial 
industry: the by-products have been discovered to possess unsuspected 
values, and in the wide-spread popular demand for them a profound 
change has been wrought in the college clientéle and in the needs which 
the colleges are called upon to meet. By a very slight and entirely 
logical extension of the system of free election we could let each take, 
for an appropriate fee, whatever he might desire of the goods the col- 
lege had to offer.” This deduction Professor Mitchell rejects because 
“on every side the system of free election has failed and broken into 
chaos precisely because the college is not a commercial enterprise.” 
“Yet it is equally futile and ridiculous to attempt to make scholars of 
those who have no scholarly aptitude or ambition.” Both kinds, how- 
ever, may find their satisfaction in the same college, though not, he 
thinks, in the same classes. For the one class Columbia will provide 
scholarly training; for the other, something different. In Mr. Dooley’s 
college, when the applicant for admission arrives, “ th’ prisidint takes 
him into a Turkish room, gives him a cigareet, an’ says: ‘ Me dear boy, 
what special branch iv learnin’ wnd ye like to have studied f’r ye be our 
compitint professors??” The Columbia president will not do this; 
but Columbia’s enforced regimen for by-product majors will at least 
eschew the “ futile and ridiculous ” attempt to impose scholarship upon 
them. 

I am frank to say that if the analyses represent the case at all fairly, 
the remedies seem inadequate. The elective system, for example, is a 
manifestation on the academic side of a transformation which has cov- 
ered the whole range of college activity. Many causes have contrib- 
uted to this result. The quickening principle was the German univer- 
sity ideal carried over to the American college by pioneers in that great 
procession of American youth who have sought the stimulus of German 
scholarship. Coincident with this has been the development of second- 
ary education and the postponement of the period of college training. 
When the entering age was pushed up from twelve and thirteen to six- 
teen, eighteen, and even higher, a change in discipline was necessary. 
The multiplication of subjects of study made some sort of selection 
inevitable. If Harvard were to schedule but seventeen courses the elect- 
ive system could be abandoned—for seventeen courses constitute a 
four years’ program ; whereas, if all the courses now offered were pre- 
scribed for graduation it would take the student more than seventy 
years to earn his degree. Of sheer necessity some freedom of choice 
must be conceded; and the invitation to the student to share in the 
selective process has been the most clarifying principle in modern 
higher education. The system has grown because it has worked. The 
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supplanting of the old self-improvement, or culture, theory by the Ger- 
man ideal of scholarship gave a tremendous impulse to serious college 
work. And with serious college work in hand, both the old 
paternalism and the childishness of the schoolboy college must 
necessarily slough off. “I will not ask you to be true to us,” 
President White said at the opening of Cornell University in 1868. 
“T will ask yon to be true to yourselves. In Heaven’s name be 
men! Is it not time that some poor student traditions be sup- 
planted by better? You are not here to be made; you are here to 
make yourselves. You are not here to hang upon a university; you are 
here to help build a university. This is no place for children’s tricks 
and toys, for exploits which only excite the wonderment of boarding- 
schoo] misses. You are here to begin a man’s work in the greatest time 
and land the world has yet known.” Cornell students responded to this 
appeal, and so did students the country over to similar appeals. Throw- 
ing dead cats through class room windows, locking professors in their 
rooms, muffling college bells, levitating domestic animals to third-floor 
chapels, and hke customs, though they died hard, actually died. Defi- 
niteness of purpose was given to college study. The new subjects, with 
their fresh and unexplored fields, absorbed the student and gave him a 
seriousness his predecessor had lacked. A manlier attitude prevailed. 
Co-education began to arrive; and in all the state universities particu- 
larly, the presence of a body of serious-minded young women did much 
to elevate the atmosphere of college hfe. The superfluous energies of 
youth heretofore wasted in boyish tricks and worse turned to 
athletic sports, and to developing, one after the other, the twenty- 
seven activities Mr. Birdseye has noted. The testimony to the im- 
provement in manners and morals within the student body is over- 
whelming. Petty regulations and rules of conduct atrophied and 
dropped off. College students began to be regarded and to feel as 
men and women, with responsibility for their own conduct—to the 
profit of all and to the immense relief of college authorities. 

The flowering period of this cycle may be roughly fixed as the 
twenty-five years from 1870 to 1895. All went well so long as the im- 
pulse set free by the liberalizing of the college curriculum lasted, and 
while the college constituency was essentially homogeneous. In the 
later years certain vital changes were taking place, partly as the result 
of these very movements, partly from influences outside the college. 
Wealth and luxury became widely diffused. The schools multiplied 
and were free, and the opportunity of school and college came without 
effort. Going to college became part of the ordinary routine of a boy’s 
and girl’s life. With youths that were earnest there came also to col- 
lege doors troops of the unearnest. The twenty-seven student activities 
became more and more engrossing. Within the college boundaries 
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there has grown up a rival institution, with antagonistic aims and 
ideals, to which the student body gives first allegiance. 

If the college faces this new situation rather helplessly, as Mr. 

Flexner affirms, it is because analogy has here played its old trick. As 
a matter of fact, absolute election of studies by the student has nowhere 
existed. But tn the wider matters of conduct and in the question 
whether to study or not to study the college has drifted without any 
clear principle of action. College students were treated as men and 
women, with good results. Therefore they are men and _ wo- 
men. ‘Therefore whatever the results, they must be treated as men 
and women with the privileges and responsibilities of men and women. 
Whatever happens, the college can do nothing except in the sphere of 
moral influence. As Mr. Birdseye sees it, “ substantially all direct con- 
trol of the personal freedom of the students has been given up except 
in cases where their action becomes scandalous or they break the public 
law. . . . The absolute personal freedom, which in many instances is 
but another name for laxity, undoubtedly tends strongly and constantly 
to personal shiftlessness and laziness as well as to bad mental and moral 
habits. ... With the freedom of their fraternity and club life and the 
absence of faculty and parental restraint, have come constant distrac- 
tions from study in connection with a succession throughout the year 
of class, fraternity, and intercollegiate games of football, baseball, bas- 
ketball, tennis, golf, chess; of rowing, track and athletic meets; of glee, 
mandolin and banjo and other musical and dramatic clubs or associa- 
tions ; of receptions and other social functions, of literary dailies, week- 
lies, monthles and annuals; aud even of intercollegiate debates. . 
In most colleges there has grown up a decidedly false atmosphere, which 
affects adversely the personal lives of a greater or less proportion of the 
students.” “I know of no place,’ wrote the dean of a western uni- 
versity to Mr. Birdseye, “ where so much fine material coming from the 
country and small towns has been ruined by a single half-year of idle- 
ness and extravagance. The worst elements of city, social and fra- 
ternity life seem to be those most eagerly grasped after and most in- 
cessantly followed.” 

Suppose we follow the course of an imaginary freshman at the 
composite college of our critics; one who is well prepared, with a sense 
of the importance of his undertaking, and unsophisticated. What he 
seeks the college has to offer: facilities, scholarly standards, inspiring 
teachers. It is not at all certain that he will reach his goal. In the first 
place the scholarly atmosphere is not very evident—to a freshman. 
For days, weeks even, before the opening old students have drifted in. 
They have not done this in order to consult the authorities the better 
to plan and prepare for the studies of the year. They have plans of 
their own. They are at starting the wheel within the wheel. 
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They are about the planning of courses in athletics, in dramaties, 
in rushing, in tubbing, in college traditions generally. They have 
their own uses for the incoming freshman class, and their own 
elaborate and trying admission requirements. They condescend to 
notice the faculty’s college when it becomes necessary to take their 
protégés in tow and make a dead set against some assumed weak spot in 
the college’s entrance defenses. Mostly, to the freshman’s eye, there is 
a whir of automobiles, a rushing to and fro with excited conferences 
ever innumerable projects which bear little relation to the ideals with 
which he set out from home. The conversation he hears is not of 
studies or ideals of study. The standards of conduct, of appreciation 
of priceless opportunity, are what might be expected of a generation 
Lrought up on the modern daily newspaper, with town and city envi- 
ronment, whose fathers will set them up in business when college days 
are over, and who will take with ill-grace and much contempt of regu- 
lations the little learning they can not avoid without risking the pleas- 
ures and excitements which chiefly mark their progress toward a 
Jearned degree. If the freshman is put wise early he learns to submit 
with as much composure as possible to whatever rough treatment of lis 
own person the college world decrees as appropriate to his crude state 
of development: the college authorities not being in this game, either. 
If above the hubbub his ear catches the announcement of an address to 
the entering class by the president of the college on Thursday evening, 
he knows that is a signal for special activity on the part of his sopho- 
more friends. Consequently he stays in his room—unless, perchance, 
constrained to come flying forth in nnceremonious fashion. But if the 
meeting be advertised for midday he may hear, for a moment, an echo 
of those ideals and principles which had beckoned and fortified him as 
he made his decision for a college course. ‘This impression, however, is 
quickly swallowed up in the whoop-er-up speeches and cheers in behalf 
of college activities, in which the faculty seemingly participates with 
equa] abandon. On registration day, for a brief space the college once 
more seems to hold sway; then it and its ideals fade into dim distance, 
while the real, absorbing college of student life resumes the scepter. 
When classes begin he follows instinctively a habit not yet outgrown, 
and essays to enroll with his instructors. But the freshman who had 
been something of a leader in his home school, who was thought to have 
learned a measure of self-reliance, who had even filled a position of re- 
sponsibility in a very real experiment in self-government, now finds 
that he has by no means learned his place. While the academic side- 
show of lectures and recitations is getting itself started in halting fash- 
ion, the freshman is in the fierce struggle and joy of real college life. 
As free of conventional wrappings as nature made him, he is paraded 
and tubbed in open daylight around faculty lawns and by campus 
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houses, and whiles away the forenoon in stunts which teach him his 
place some more and further his initiation into that innermost, sacred- 
est circle, the knights of the college tradition. Since nothing can be 
done unless you get student sentiment behind it, the faculty sits in 
helpless inactivity; or, if the emotions are much stirred, rushes to its 
laboratories and attempts to think out some serum which will work 
upon the student mind and permit it to look with favor upon the 
studies of the college curriculum ! 

At last, it may be, the freshman is started in his studies. But 
attending classes and studying lessons is not as he had pictured it. 
The men whose names and imposing academic biographies had awed 
him from the pages of the college catalogue he must now learn to look 
at from the angle of his sophisticated companions. This one, frankly, 
is a chump; this other can be counted on to do the fair thing and not 
flunk a fellow; that one will be down on you anyhow. One is to be 
worked in one way; another, in another way. In this class you can 
safely cut as much as you like; in this other it is necessary to look 
after answering roll call. The main object is to keep from flunking 
out; for as yet absolute immunity has not been achieved, and real 
college life is too pleasurable to be hazarded too far. Getting some- 
thing from the course is at least secondary. Getting the credit at 
present seems necessary, and, when hard pressed, one’s wits need to 
be well sharpened. Why should one be too scrupulous, since it is only 
the book account that matters? Bluffing runs naturally into something 
more effective, and the freshman sees the game of cheating going on 
almost as a matter of course. Sometimes the instructor seems to him 
to be aware of the game, but too embarrassed to call for the cards; can 
not afford, in fact, to become unpopular, for may not the instructor’s 
comfort, not to say his standing in the college, depend on the good will 
of the student? Once in a while the committee—blankety symbol of 
all that is hateful in an otherwise lovely environment—the committee 
connects with some Inckless offender, who, bruised and bewildered, 
presently finds himself at the edge of the campus. All of which would 
be tragic, were it not so grotesque, for but a single head has been hit 
out of a multitude just below the line of breastworks. More and more 
absorbing are the activities of the college of student life; more and more 
the faculty’s college and its obtrusive exercises become an incubus, more 
and more its occasional interferences become irritating and objects of 
student wrath. Dissipation masks as good fellowship. The grosser 
temptations lose horns and hoof. The freshman himself may be nor 
athlete, nor actor, nor editor, nor society devotee. But he learns to be 
vicariously active in al] these pursuits; In an atmosphere of hazing, 
shamming, bleachering, beating the game, his whole moral and intel- 
lectual structure suffers irreparable shock. 
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Let us hasten away from this impossible college and come back for 
a brief space to the real institution, in which nevertheless some portion 
of this virus is at work. And first, it is safe to say that the day is not 
to be saved by a return to fixed programs of study made out of faculty 
piecings. Nor can Woodrow Wilson, or his successors, succeed in draw- 
ing off from the great mass of undergraduates the saving remnant fore- 
ordained to be separated for four years from all training that bears 
upon a special task—attractive as that ideal may be. Nor will Presi- 
dent Hadley’s ideal—“ where a student learns things that he is not 
going to use in after life by methods that he ts going to use ”—ever 
again dominate the college. President Wilson found the work of the 
professional school “as exact, as definite, as exclusive as that of the 
office and the shop.” The college can stand a large infusion of this 
,ideal. Columbia’s plan of providing an academic annex for majors in 
dullness, athletics and social functions seems none too promising. The 
junior college, and other compartment arrangements, useful perhaps as 
administrative makeshifts, are futile as attempts to segregate differing 
ideals of education. 

In turning to greater administrative efficiency as a remedy, one can 
not but sympathize with the gentle plaint of Professor Showerman: 
“The professor thought of the administration of his college—of all the 
regents, registrars, clerks, secretaries, committees, and advisers, of all 
the printing and writing and classifying and pigeonholing, of all the 
roll-calling and quizzing and examination. What was all this marvel- 
lous system for? Why, simply this: in order that young men and 
women who came to college to get an education might be prevented 
from avoiding the very thing they came for!” Humiliating as the 
admission may be, that is about what it has come to. Of regents and 
registrars and pigeonholing and classifying we have perhaps a suffi- 
ciency. But of that concern for what Mr. Birdseye calls the student 
life department—ninety per cent. of the student’s actual time—there 
is, alas, not a sufficiency. 

Professor Barrows, who frankly abandons the undergraduate 
college as a period of serious intellectual effort, would still think 
of it as a moral opportunity—not for courses in ethics and for- 
mal moral teaching, I take it, but that by some process or other 
these bright, alert girls and boys might be enough arrested in 
their absorbing play to see, in the scholarly atmosphere shed from 
above, in the quiet ideals of the cloister, in generous comradeship with 
generous comrades, a moral quality and beauty that should win their 
allegiance and emulation. Asa matter of fact, there has been too much 
reliance on the theory that somehow, through the mysterious processes 
of providence, just spending four years in college is in itself a saving 
and redeeming grace; that somehow shamming, and dissipation, and 
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moral lapse in college do not count in later life—since these also are 
exercise and training in the rights and responsibilities of manhood and 
womanhood. “One way to deal with these strange, excited, inexperi- 
enced and intensely human things called freshmen,” says Dean Briggs, 
of Harvard, “is to let them flounder till they drown or swim; and this 
way has been advocated by men who have no sons of their own. It is 
delightfully simple, if we can only shut eye and ear and heart and 
conscience; and it has a kind of plausibility in the examples of men 
who through rough usage have achieved strong character. ‘The objec- 
tion,’ as the master of a great school said the other day, ‘is the waste; 
and,’ he added, ‘it is such an awful thing to waste human life!” 

A great mob of boys and girls are thronging the entrances of our 
colleges and universities. All need, most are entitled to, training ; 
but not all are fitted and adapted to the college. Some ought to be in 
the shops and marts and homes acquiring discipline by contact with 
hard realities. Some are morally tainted and impervious to intellectual 
appeal. The mass is plastic and possible of development into capable, 
self-reliant citizenship. If the college can not find out these facts, who 
can? If the college can not rid itself of the unworthy, who is to do it? 
If the college can not make its standards dominate the college world, 
how can its work become effective? Up against these problems, the 
college must plead guilty to the charge of carelessness and ineffective- 
ness. In a situation where youths are on the way to manhood and 
womanhood, but not yet arrived, where standards are necessarily blurred 
and confused, the college has been more or less helpless, because it has 
not squarely faced the problems involved. Jt must be said again, the 
college can not go back into the old boarding-school chrysalis. Athletics, 
amusements, student activities, exercise of responsibility, were all wel- 
comed into the college as aids to normal living, as making student life 
more wholesome. And so they were, and did. Paradoxical as it may 
seem, these are not yet widely enough diffused. We have come to our 
present plight because the college has had no consistent conception of 
its function in these matters. Harvard has retained the genial loafer 
for the possible good that might come “from contact between his back 
and the bricks of the college.” But what about the contagion of his 
presence in a place where sound standards have to struggle to keep even 
a foothold? Other institutions have sought to rigidly exclude those who 
did not measure up to a fixed standard, though by a rough surgery that 
has sometimes seemed to treat measles and appendicitis pretty much 
alike. “It is comparatively simple,” says Mr. Flexner, “to extirpate 
those who appear to be the weaker brethren; but it is not a whit more 
intelligent than to pull every aching tooth.” Yet the aching tooth 
needs attention, and it must come to pulling at last, if nothing else 
is done. 
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Again, faculties are adjured to become acquainted with their stu- 
dents and to pay them social attentions. Excellent advice—usually 
where it is not needed! Occasions may not be forced. Social relations 
spring normally out of other relations. Instructors may rightly be 
reminded of responsibility and duty, but the up-to-date college, as Mr. 
Birdseye would phrase it, can not rely on untrained, voluntary service 
where training and unremitting attention are needed. Nor can the 
college turn to its dean or adviser and demand of him the physical 
impossibility of knowing every student and his particular problems 
and needs. 

We may look hopefully to the preceptorial experiment of Princeton ; 
as also upon the system of advisers which California and other institu- 
tions are developing with a view to giving the stumbling freshman the 
guidance he needs, and to saving as much material as possible from the 
college serap-heap. There is promise also in the serum treatment of 
President Lowell, and one may reasonably expect the academic doctors, 
in the end, to produce a really valuable compound. 

Yet these are only palliatives. The effective solution of the problem 
—the relation of student activities to university standards—is so simple 
that I hesitate to mention it. J¢ 1s that the college take charge of its 
own affairs. Through these later years alma mater has been piling up 
her equipment, employing more and more professors, proclaiming her 
wares, absorbed in the task of growing. With some uneasiness, but with 
affected unconeern, she has seen growing up over against her own 
growth this monstrous structure of student activities, this artificial - 
world of student life encased in traditions too sacred to be scrutinized 
and presided over by that stuffed goddess of liberty known as college 
spirit. Memembering that she once reheved herself of all in loco 
parentis functions and that all her students are men and wonien, alma 
mater has walked gingerly around this mountain and tried her level best 
to fit into the place assigned her. It is alma mater who has failed to 
notice the aching tooth or connived to conceal its existence from the 
doctors of the scholarship committee. It is alma mater who has per- 
mitted athletics and dramatics and the social whirls and editorialing 
and the rest of the twenty-seven activities to go beyond the limits of 
safety and sanity. It is alma mater who can not bear the responsibility 
of dropping men from college, who, obsessed with the idea that goodness 
is not created by legislation, thmks only of serums that may influence 
student sentiment or grasps at Columbia’s peptonized diet as a means 
of providing degrees for those quite divorced from college study. 

Alma mater’s helpless concern recalls Mrs. Stetson-Gilman’s en- 
counter with the obstacle. Climbing up the mountain one day, she 
finds a prejudice blocking the path, cutting off the view, and absolutely 
refusing to move. She makes polite request, she argues, she scolds, 
she implores—all of no avail. 
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So I sat before him helpless, 
In an eestacy of woe; 

The mountain mists were rising fast, 
The sun was sinking slow— 

When a sudden inspiration came, 
As sudden winds do blow. 


I took my hat, I took my stick, 
My load I settled fair, 

I approached that awful incubus 
With an absent-minded air— 
And J walked directly through him, 

As if he wasn't there. 


Actually the only reason why these twenty-seven activities do not 
stand in their proper, subordinate place—are not at once put where 
they belong—is the inconstant will of alma mater. 

When, however, I said that the remedy was simple, I did not mean 
that it could be applied any how, anv way. The means deserve careful 
thought and the exercise of such good sense as colleges may reasonably 
be supposed to command. But the main point is the will and deter- 
mination of alma mater to have, and to have respected, standards of 
undergraduate conduct and achievement. In the face of such deter- 
mination the loftiest structure buttressed by college tradition is a mere 
house of cards. Happily the mind of youth is plastic, and the hoariest 
college custom may on occasion be treated exactly as if it wasn’t there. 
Certain qualities of heart and mind, with generous effort to improve 
opportunity, are minimum qualifications for membership in a college. 
The college has the duty and the authority—may it also have the 
courage—to set up and maintain standards which will justify indeed, 
and increasingly, democracy’s faith in education. 
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THE PSYCHOLOGY OF MENTAL DEFICIENCY 


By BIRD T. BALDWIN, PH.D. 


UNIVERSITY OF TEXAS 


Come wander with me . 

Into regions yet untrod, 

And read what is still unread 
In the manuscript of God. 


cl aaa thought, which a few generations ago was uppermost in the 
mind of the great Agassiz when making his geological explora- 
tions, is to-day finding one form of expression in the scientific labora- 
tory for psychological research at Vineland, N. J., where investigations 
are being made on the causes and conditions of human degeneration 
and mental] deficiency. More vigorously to-day than ever before in the 
history of civilization, social, educational] and psychological investiga- 
tions are being carried into all phases of life with its misery, happiness 
and usefulness. Associations for charities, children’s aid societies, 
guilds, juvenile courts and public school authorities, are asking the 
psychologists and physicians what can be done with these unfortunate 
people, the mental defectives, who are contaminating society by their 
presence, absorbing the time and thought that should be devoted to 
normal children, and later filling the almshouses, charitable institu- 
tions and prisons with illegitimate and irresponsible offspring. 

The psychologist who analyzes, classifies, describes and explains men- 
tal phenomena is beginning to work effectively on the insane, the crimi- 
nal and the defective. From a psychological standpoint, the border line 
between dull, backward and retarded children and those mentally de- 
fective, Hes ina difficult and unexplained region. The inadequate 
knowledge of mental capacities and the desirability of accurately ex- 
pressing the relative educational values of such capacities makes the 
field a most fertile one for research. With others, Ayres and Gulick 
have been studying the “ laggards of our schools” for the Russell Sage 
Foundation, and Witmer, a pioneer in the field, has established the 
Psychological Clinic for the study of the normal development of every 
child. What of truly subnorinal and mentally deficient children ? 

The study of mentally defective children began in 1797 when some 
French soldiers found “ the wild boy of Aveyron ” in a forest and had 
him taken to Dr. Pinel, of Paris, for examination. Pinel pronounced 
him incurable, which caused the publication of a painphlet three years 
later by Hard, “ De L’education @un Homme Sauvage.” This was the 
first important contribution to the literature of the subject; the second 
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Fic. 1. A CORNER OF THE PSYCHOLOGICAL LABORATORY WHERE Dr. GODDARD 
CONDUCTS 1118 EXPERIMENTS. There are shown an ergograph, a chronoscope, which 
measures intervals of time to one thousandth of a second, a dark room for photo- 
graphie work, an automotograph for reeording involuntary movements of hand and 
arm, a target for testing precision in motor control, ete, 


was from one of Itard’s pupils, Seguin, who. in 1846. published his 
valuable work on the physiological treatment of mental defectives. 
About the middle of the last century, institutions for the care of de- 
fectives began to be organized throughout the world, and in 1904 Ger- 
many had 24, Sweden 33, England 12 and the United States 30 such 
homes. At the present time twenty-six of our states have a sum total 
of 25,000 children in institutions for feeble minded. The Vineland 
institution, in New Jersey, is one of the most progressive, and the 
psychological movement for which it stands is rapidly growing in im- 
portance and has many followers throughout this country and in some 
sections of Europe and Canada. 

The best studies of the mentally feeble and defective have been made 
by Itard, Seguin, Howe, Powell, Ireland, Shuttleworth, Tredgold and 
Barr; among the psychologists who are formulating and trying out 
individual tests and finding methods of making mental diagnoses are 
Binet, Simon, De Sanctis. Meumann, Stern, Norsworthy, Thorndike, 
Goddard, Witmer, Huey, Whipple, MacMillan, Wallin and others; 
among physicians working in this field are Krenberger, Fernald, 
Wyle and Healy. One of the places where this study is being most 
suecessfully earried out is at Vineland, which has exceptional oppor- 
tunities for research work because the institution is under private 
management as well as under state patronage, and it was here a psycho- 
logical laboratory was founded in 1906, which was the first to be 
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permanently established in an institution for the care of mental defect- 
ives. ‘The field is new and full of promise and the movement is rapidly 
growing in value and influences. This institution has comparatively 
few children (390 in all) and many of these come from wealthy fam- 
ilies whose ancestry is known or from families who have lived in New 
Jersey for several generations. There are few communities of such 
stable population and so much inter-family marriage. 

Institutional hfe and training is inferior, most of us will agree, to 
that of even a mediocre or low-grade home, but there are at least two 
groups of individuals who are exceptions to this general rule, the feeble 
minded and the insane. Both are par excellence imdividuals of state 
concern and state protection because they are incapable of self-direction, 
self-control or self-support. The defectives, who are by-products of 
unfinished humanity, belong in institutions where they may be cared 
for, made happy and to some extent useful, and where they may be 
studied for the betterment of civilization. 


LINES OF INVESTIGATION AT VINELAND 


Dr. H. H. Goddard, Superintendent Johnstone and their field 
workers, are spending much time at present on the problem of eugenics 
—study of heredity. The home of each inmate has been carefully can- 
vassed in order to get data which may throw light on the problem of 
heredity. What has been the result? Three concrete cases will suffice 
to indicate general tendencies. 

1. An alcoholic insane paternal grandfather, a tuberculous cancer- 
ous maternal grandmother, tmbecile mother with fechle-minded sister 
married to imbecile father. Result: Five feeble-minded children, one 
dead, one in custody, all the rest at large. 

2. An insane father, a feeble-minded mother, seven children all 
mentally deficient; one in proper custody, one married, three in alms- 
house with mother. 

3. A feeble-minded paternal grandmother, a neurotic maternal 
grandfather, an alcoholic father, a neurotic mother with a “ queer” 
sister, ten children, eight fecble-aninded children, two uncertain: one of 
this family in proper custody. 

All of the children indicated © in custody ” are at Vineland. 

Proper care of the feeble-minded and epileptics would prevent this 
dangerous class from running at large and would help to solve the 
fundamental problem of the causes of mental deficiency (Figs. 2 
and 3). 

What are the controlling conditions of heredity? What are the re- 
sults? The accompanying heredity charts which have been marked out 
with great care indicate controlling tendencies and suggest the ques- 
tion, [s Mendel’s Law of Heredity, which has been proved for plants 
and animals, applicable to human beings? This is another impertant 
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ic. 2. Herepity Ciarr. Devised by Dr. Goddard, of Vineland, recently adopted 
by the American Association for Study of Feeble-minded and the American Institute 
of Criminal Law aud Criminology and also used by Dr. Wm. Healy in his work in 
the Juvenile Psychopathic Institute of Chicago. This chart gives in graphic form the 
hereditary status of some cases at Vineland, N. J. Square = males; circle = females ; 
clear square or circle means no data; IF, feeble-minded; A, alcoholic; 7’, tuberculosis ; 
N, normal; C, criminal; Sx, grave sexual offender; d.inf. means died in infancy ; 
small black dot meaus miscarriage. Bland points to the child that is in the Vineland 
institution, 

At the present writing three hundred and nineteen members of this family have 
been traced, one hundred and nineteen are feeble-minded and only forty-two are 
known to be normal, 


problem being pursued. Dr. C. B. Davenport, who is the best anthority 
in this country on eugenics, writes in a paper, soon to go to press, as 
follows: 

APPLICATION OF MENDEL’s Law ro HumMsn HEREDITY 


For our purpose Mendel’s law may be regarded as consisting of three prin- 
ciples. First, the principle of the unit characters of inheritable unit, each of 
which is, in accordance with the second principle, transmitted through the germ 
by a representative called a determiner. The third principle is that when the 
germ cells of both parents carry a determiner of a character the fertilized egg 
and the embryo derived from it have the determiner of the character double or 


a F. 
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Fic. 3. TuESE CMUARTS ILLUSTRATE OX TENDENCY IN THE THREE CASES JUST 
CITED, i. e€., mentally defective parents are very prolific. A very careful study made 
by Dr. Tredgold in England revealed the fact that sixteen mentally defective women 
working as mill hands bad given birth among them to one hundred and _ sixteen 
children. 
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lie. 4. Drawing Test, The up- 
drawing when reproduced by chil- 
dren of different ages indicates their 
mental development. The first copy 
shown, drawn by a white female aged 
eleven years, indicates a mental develop- 
ment of four years; the second, by a 
white female aged sixteen years, a de- 
velopment of five years; the third, by a 
white male aged eighteen years, a de- 
velopment of six years, and the fourth, 
by a white male aged nineteen years, a 
mental development of seven yeurs. 
Reduced to one half. 


per 
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duplex. When the germ cell of one 
parent only carries the determiner, this 
is simplex in the embryo. When neither 
parent carries the determiner the embryo 
is devoid of it. It follows that, if 
neither parent has a character none of 
their children ean have it. If both 
parents have the character in question 
simplex, one fourth of their children will 
be without it; one fourth will have the 
character duplex and half will have it 
simplex again. 

During the past ten years the study 
of the characters of plants and animals 
has revealed the nearly universal validity 
of this law—and during the past two or 
three years it has been shown to apply 
to many human qualities. 

The law appears clearest in this 
form—when both parents lack a unit 
character all of their offspring lack it. 
Illustrations of this law are seen in the 
ease of brown iris pigment. In case 
both parents lack it (and have blue 
eyes), all of their children have blue 
eyes. In case both parents lack curved 
hair all of the children have straight 
hair; if both parents have flaxen hair, 
the children are all like them; if the 
parents are blonds, lacking abundant 
skin pigment, so are their children. If 
both parents are defective in mental 
development, being imbecile, their chil- 
dren are all defectives. 

When one parent is defective and 
the other has the additional character 
the children will have the cLaraeter; but, 
since they get it from one side of the 
house only, the character is apt to ap- 
diluted condition. Thus it 
may be confidently expected that the 
children of an imbecile and a normal 
parent will not all be as mentally strong 
as the stronger parent because their 
mental development depends on a sim- 
plex determiner. 

The committee of eugenics of the 
American Breeders’ Association has es- 
tablished headquarters at Cold Spring 
Harbor in the vicinity of New York City. 
Jt desires first to assist in a propaganda 
for the study of pedigrees of the feeble- 
minded. It wishes to urge upon every 
training school the desirability of sup- 


pear in a 
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porting at least one field worker who shall visit the homes wheuce come defective 
pupils and determine the mental condition of other individuals of the same germ 


plasms as are united in the pupil question. 
shining example of this work and has achieved striking results. 


The Vineland School has set a 
These studies 


really ought to be carried on in every state, not merely to confirm the laws of 
heredity of imbeetlity but to determine the main blood lines of imbecility 


coursing through this country. 


So far we have considered the 
causes of mental deficiency of he- 
reditary origin. The causes in 
general may be grouped roughly 
under direct, which are due to 
heredity or disease, and indirect, 
due to sense defects and accidents. 
About 85 per cent. of the cases 
may be traced to conditions prior 
to birth, such as bad heredity, 
neurotic conditions, aleoholism and 
tuberculosis. Injuries at birth 
are at the present time rare and 
are responsible for not over 1 per 
cent., according to the best author- 
itories. The remainder may prob- 
ably be counted for by accidents, 
infectious diseases, epilepsy, mal- 
nutrition, ete., after bith. 


Fie. 6. A 
TION AND MoTor CONTROL. 
ratns as shown consists of a piece of 
glass in a frame which is struck by a 


TresT For REFLEX Ac- 
The appa- 


rubber hammer, 
seldom wink. 


Low-grade defectives 


PLACING BLOCKS IN THE FORM 


Fic. 5 
Board. With this form board, another 
type of test used in Ameriea, the child is 
required to place the ten blocks as rap- 
idly as possible in their respective places. 
The experimenter cbserves and notes 
superfluous and jerky movements, the 
adoption of a method or system, i. ¢., 
hunting the block to fit the space and 
rice versa, the ability to protit by experi- 
ence When the test is repeated, the ability 
to inerease a set pace of procedure, the 
degree of sustained attention, the span of 
motor control, and many other phases of 
mental expression. One bright boy of ten 
recently placed the blocks in their re- 
spective places in twelve seconds and a 
defective of nineteen required, after much 
urging and many vacillating and uncoor- 
dinated movements, seven minutes and 
eighteen seconds, Dr. Mealy, psychopa- 
thologist for the Chicago Juvenile Court, 
has modified this type of ferm board by 
having the geometric forms a part of a 
puzzle pieture which covers the face of 
the hoard, 

This test alone throws much light 
on the mind of a child and may be used 
as a diagnostic test for children of vary- 
ing grades of arrested mental ability. 
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Another line of activity in the Vineland research department has 
been the gathering of statistics on physical growth of defectives. A 
report of this work may be summed up as follows: 

The lowest grades (idiots) are from two to four inches shorter and 
from five to fifteen pounds lighter than normal children of correspond- 
ing age. 

The middle grades (imbeciles) are less than half this amount below 
normal, while the highest grades (morons) do not differ appreciably 
from normal children except that there is a tendency to become heavy. 

Commenting on these results Dr. Goddard writes, “ Normal chil- 
dren begin to grow fast at about eleven years. Among defectives this 
acceleration does not come until two years later, but when it does come 
it is a greater acceleration than in normals. This is not yet accounted 
for but it suggests that it may have an important bearing upon our 
treatment of school children at that critical age of eleven to fifteen.” 

The difficulty with these measurements, like all others on normal 
children, is the fact that they are based on one measurement of a large 
number of individuals and not on repeated measurements of the same 
individuals. An investigation soon to be published by the writer shows 
that two characteristics of growth of which Dr. Goddard has found true 
of deficient children, are characteristic of normal children as well. 
That is they naturally form two groups at adolescence, the short boys 
and girls beginning their rapid growth from one to two years later 
than the tall boys and girls, and there seems to be a direct correlation 
between rapid growth at adolescence and the advent of puberty for 
both boys and girls, the shorter ones maturing later than the tall ones. 


CLASSIFICATION OF MENTALLY DEFICIENT CHILDREN 


Dr. Howe, who is best known from his work with the blind, at- 
tempted to group all mentally deficient children under the headings 
“ simpletons,” “fools”? and “ idiots,’ but the most widely accepted 
classification to-day is that of Dr. Barr, of the Elwyn Training School, 
Pennsylvania, who classifies them as “ feeble-minded,” “ imbeciles ” and 
wach Celso) cra 

A new classification has recently been adopted by the American 
Association for the Study of the Feeble-minded. It is functional 
rather than physiological and is as follows: 


Mental Age Capabilities Class 
Under one year, Ilelpless. Low 
1 year, Feeds self. Eats everything. Middle Idiot. 
2 years, Fats discriminatingly. Iligh 
3 years, No work. Plays little. Low 
4 vears, Tries to help. 
5 years, Only the simplest tasks. Middle Imbecile, 
6 years, Tasks of short duration. Washes dishes. 


vears, Little errands in house, Dusts. Tligh 
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rig, 7. AN JIXPERIMENT IN ACTION WITH THE FERGOGRAPH, 


Mental Age Capabilities Class 
8 years, Hrrands, Light work. Makes beds. , Low ) 
9 years, Hfeavier work, Serubs, mends, lays bricks, 
eares for room with simple furniture. 
10 years, Good institution helpers. Routine work. Middle Vetere 
1] years, Fairly complicated work with only occa- [ ; 
sional oversight. 
12 vears, Uses machinery. Cares for animals. No | 
supervision, Can not plan. Ifigh 


i il i WU 


Kies. S and 9, Ercocrams. leeords of a normal man and of a defective boy, 
the latter showing characteristic irregularities. 

The ergograph was devised by Mosso, aun Italian psychologist, and is used to 
measure muscular fatigue, A weight is lifted with one finger every alternate second 
until the muscle is tired out. Each lift is recorded on a vertical line and the sum 


total of lifts and lengths of lines are indicative of muscular action and yolun- 
tary control, 


ee 
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An idiot, according to this classification, can not reach a degree of 
mentality beyond that of a normal child of three years, an imbecile be- 
yond seven and a moron beyond twelve. ‘This has been determined by 
means of a series of tests. 


MENTAL AND PuHysICAL 'TESTS 


There have been several attempts during the past fifteen years to 
formulate a series of graded tests which will evaluate children’s span of 
intelligence and measure mental defects by means of comparison with 
posited norms. Binet has been at work longest trying to formulate 
such tests and with some success and while the Vineland and Lincoln 
institutions are adopting the Binet and Simon tests for work with 
feeble-minded children, the University Elementary School, of the Uni- 
versity of Chicago, and the Psychopathic Institute, of the Chicago 
Juvenile Court, are establishing norms for normal American children. 


Fie. 10.) VsyenomMerern. The psychic galvanometer or psychometer, which is 
used to detect delicate physiological changes which accompany the emotional ex- 
periences of children. This apparatus is also used in psychological methods for 
dececting crime, although the nuture of the phenomena giving rise to the galvano- 
metric deflections is still an open question. 


The Binet and Simon tests throw little light on the moral or physical 
nature of the child, and they do not allow for sense defects, which would 
naturally affect a child’s standing, even though normal in other re- 
spects. The latest edition of these tests takes into account the age of 
the chitd, and eliminates almost entirely the factor of training by 
measuring what the child learns fortuitously. They thus form a 
“measuring scale for intelligence” and are of direct value and interest 
to all parents and teachers of normal as well as backward or defective 
children. The fifty-seven tests cover the period from three to twelve 
vears, and if a child sueceeds in the tests derived for lis age, he is 
normal; if he can succeed only in the test devised for a child one year 
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younger, his development is ar- 
rested to the extent of one vear, 
and similarly for two or three 
years. If he is unable to do the 
tests for more than three previons 
years, he is mentally defective and 
his mental age is determined by 
the tests which he can aecomplish. 

The test for a child of six 
years of age mentally is as fol- 
lows: Shows right hand, left ear. 
Repeats sentences of 16 syllables. 
Distinguishes pretty from ugly or 
deformed faces, in pictures. De- 
fines, in terms of use, the words 
table, chair, horse, mama. Per- 
forms three commissions given 


simultaneously. Knows age. 
Knows whether it is forenoon or Fre. 11. An apparatus devised by 
afternoon. Dr. Goddard for testing the ability to 


recognize objects by the sense of touch 
The tests for seven are: Notes  (stereagnostic sense). 


omission of eyes, nose, mouth or 

arms, from portraits. States number of fingers on right hand, left 
hand, both hands. Copies written sentences, with pen, so they can be 
read. Draws diamond-shaped figures from eopy (child of mentality of 
six years can not do it. See illustrations, Fig. +.) Repeat five numbers 
in order, when heard once. Describe a picture shown. Counts 13 
pennies, one by one. 

Mentally defective children 
seldom reach the mentality of a 
normal child of twelve vears, who 
can meet the following require- 
ments. Nearranges — shuffled 
words of eight-word sentences. 
tepeats seven numerals in order, 
when heard once. Names three 
words that rhyme with obey, in 
one minute. Repeats, with no 
errors, sentences of 26 syllables. 

Fic, 12. Tne Maze Test ror Motor Infers a fact from given cireum- 
ConTROL, Reduced to one half. A device stances which indieate the fact. 


first used at Columbia University for test- 
ing the ability to trace the white line in Three hundred and seventy- 
a given interval of time. Frequent con- Fee axtne Ts F 
tact with the sides indicates poor motor eight defectives at Vineland 
control. Tigh-grade feeble-minded chil- have been tested with the com- 
dren usually mak g l - ; : 

PR eae ey SOA 00 code lates Dimer tests anitiy the tole 
tacts. The tracing reproduced was made : 
by an epileptic and contains S4 contacts. lowing results : 
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Mental Age Boys Girls Total 
] 25 1} 36 
2 25 12 37 
3 21 19 40 
+ 30 7 37 
5 29 13 42 
6 30 9 39 
7 50 7 47 
8 D3 11 4+ 
9 23 7 30 

10 7 7 14 
14 5 5 
12 5 2 7 

263 115 378 


The following photographs show types of tests, used for making 
mental diagnoses of children at Vineland, the Lincoln Institution in 
[linois, the University of Chicago, the Chicago Juvenile Court, Co- 
Jumbia University, University of Pennsylvania, University of Wash- 
ington, University of Texas, and similar institutions (Figs. 4 to 14). 

The foregoing tests and experiments show that mentally defective 
children offer excelent material for psychological investigation, since 
they are a more or less isolated group with quite definite boundaries and 
are dependent on others. They may be observed continuously during 
their lifetime, they are incapable of being stimulated or enthused by 
artificial reactions, they are not easily embarrassed or self-conscious ; 
some of their mental processes are slowed down, others almost elimi- 
nated and some grossly exaggerated: their motor reactions are usually 
the direct result of their ideas with httle inhibition, decision, choice or 
judgment, and may therefore be considered fairly safe criteria of the 
coneomitant mental activities. The various stages of mental deficiency 
frequently parallel the stages of development of the normal mind and 
since the defective mind may remain for a lifetime at a given level, it 
may be studied in such a manner as to shed much hght on the corre- 
sponding stages of the developing mind of the normal child, which is so 
fleeting in its passage to higher levels. 

Finally: 1. Defectives are worthy of careful study for their own 
sake, for the welfare of society, and for the scientific insight they offer 
into the mental processes of normal children and the problem of edu- 
eation. 

2. They offer, where their ancestry may be traced, the best material] 
at present available for the study of human heredity on account of the 
pronounced deviations which may be traced. 

They have so far contributed most to the scientifie application of 
“mental and physical tests” which dominates contemporary tenden- 
cies in child psychology and its application to education. 

4. Mental defectives present tremendous sociological difficulties in 


ra) 
oo. 
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Figs. 18 and 14. PreEciston TESTS IN Moror ConrTroL. ‘The girl in the picture 
is a high-grade imbecile and is able to thread this large needle and touch the copper 
points with the stylus. <A child of slightly lower grade could do neither. 


the advancement of our present-day civilization and edueational 
progress. As cure is impossible, the two chief sources of prevention 
suggested are to keep such people segregated in institutions and to pre- 
vent marriage. Other means may in extreme cases be justifiable ; some- 
times sterilization is found advisable, but popular opinion usually rebels 
against such measures. 
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JACOBUS HENRICUS VAN’T HOFF 


By PrRoressor HARRY C. JONES 


JOHNS HOPKINS UNIVERSITY 


HE death of Van’t Hoff removes one of the leading men of science 

not only of this age, but of all time. 

Born in Rotterdam in 1852, the son of a physician, he received his 
early training in the Realschule in Rotterdam and in the Polytech- 
nikum in Delft. At twenty he had completed his work in the Univer- 
sity of Leiden. He then studied under Kekulé in Bonn and Wiirtz in 
Paris, and obtained the Doctor’s degree at Utrecht, at the age of 
twenty-two. 

Van’t Hoff, in 1876, was appointed privatdozent in physics in the 
veterinary college in Utrecht. In 1877 he was called to Amsterdam as 
lecturer in chemistry, and was appointed professor of chemistry in 
1878, a position which he held until 1896, when he accepted a call to a 
chair created for him at Berlin. He held this chair and was also a 
member of the Berlin Academy of Sciences until his death on March 
1, 1911. 

Van’t Hoff did three great things. His early work was with 
Mulder in Utrecht, Kekulé in Bonn and Wiirtz in Paris, and therefore, 
in organic chemistry. He raised and answered the question, what is 
the arrangement in three dimensions in space of the atoms in the 
simpler compounds of carbon? Henri had shown that the four 
hydrogen atoms in marsh gas (CH,) all bear the same relation to the 
molecule. The geometrical configuration of this molecule follows of 
necessity from this fact. The only geometrical form in three dimen- 
sions in space fulfilling the condition of a central object surrounded 
symmetrically by four things of the same kind, is the regular tetrahe- 
dron. Thus arose the theory of the “ tetrahedral carbon atom.” 

Some compounds of carbon rotate the beam of polarized light to the 
right, others to the left—are “ optically active,” as they are termed. 
Pasteur had pointed out that this is possible only in compounds in 
which there is some kind of asymmetry. Van’t Hoff showed in what 
the asymmetry consisted. Ife showed that all optically active com- 
pounds of carbon then known contain a carbon atom in combination 
with four different atoms or groups, and the same holds true to-day. 
Such a carbon atom is known as an “asymmetric carbon atom,” and 
thus arose the theory of the “asymmetric tetrahedral carbon atom,” 
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which has been the philosophy of organic chemistry for the past 
thirty-five years, and the guiding thought in practically all of the best 
work in organic chemistry from 1874 to the present time. 

The second great work of Van’t Hoff had also to do primarily with 
the chemistry of carbon. In 1867 the Norwegian physicist, Guldberg, 
and his son-in-law Waage, the chemist, both of Christiania, announced 
the law of the effect of mass or quantity on chemical reaction—the law 
of mass action. his was published in the “ Announcements” of the 
University of Christiania, and very little attention was paid to it for 
some time. Guldberg and Waage applied their law to comparatively 
few reactions. 

Van't Hoff, shortly after the publication of his brief paper of eleven 
pages in Dutch, on “ The Arrangement of the Atoms in Space,” took 
up experimentally the study of the velocities of chemical reactions and 
the conditions of chemical equilibria, from the standpoint of the law of 
mass action. THe, his assistants and students, carried out an elaborate 
series of investigations in which the law of mass action was applied to 
a large number of chemical reactions, and shown to hold. The results 
of this work were published in French, under the French equivalent of 
“Studies in Chemical Dynamics.” In this work the whole subject of 
chemical dynamics and chemical equilibrium was placed upon a scien- 
tific basis. and for the first time. 

The third and greatest work of Van’t Hoff had to with the relation 
between solutions and gases. Through his colleague—the botanist, De 
Vries, the attention of Van’t Hoff was called to the osmotie pressure 
measurements that had been made by the botanist Wilhelm Pfeffer. A 
comparison of the results obtained by Pfeffer with the gas pressures 
exerted by gases containing the same number of gaseous molecules in a 
given volume that the solution contained dissolved molecules in the 
same volume, showed that the gas-pressure was exactly equal to the 
osinotic pressure—in a word, the laws of gas-pressure applv to the 
osmotic pressure of solutions. 

Van't Ifoff showed that the laws of gas-pressure apply to the os- 
motic pressure of solutions of non-electrolvtes, 7. ¢., those substances 
whose aqueous solutions do not conduct the current. He also pointed 
out that the laws of gas-pressure do not apply to the osmotic pressure 
of a single electrolyte—a single acid, base or salt. Arrhenius explained 
the apparent discrepancy in the case of electrolytes by means of the 
theory of electrolytic dissociation, which says that acids, bases and 
salts in aqueous solution are broken down into charged parts or ions. 

The question arises why is it so important to have shown that the 
laws of gas-pressure apply to the osmotic pressure of solutions? We 
know more about matter in the gaseous state than in any other state 
of aggregation. We can deal with gases from the standpoint of the 
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only exact branch of science—mathematical physics—and Van’t Hoff 
showed that we can deal with solutions in the same manner. 

This raises the further question why is it so important to have a 
satisfactory theory as to the nature of solutions? A moment’s thought 
will furnish the answer. The whole science of chemistry is a branch of 
the science of solutions. Similarly, the biological sciences are dependent 
upon solution for their existence, and geology, in dealing both with the 
sedimentary and the igneous rocks, is vitally concerned with solution in 
the broader sense of that term. ‘There are, then, few branches of 
natural science that are not dependent upon solution for their existence. 

Van’t Hoff made a number of other contributions to science, second 
in importance only to those named above. He told us what is meant by 
“ Solid Solutions.” His last work was an experimental study of the 
conditions under which the great salt beds at Stassfurth were laid down 
from a desiccating inland sea. 

Van’t Hoff published a number of books on physical chemistry 
but it would lead us too far here to discuss them in any detail. 

The writer knew Van’t Hoff in the relation of student to teacher. 
He was one of the most modest, frank, honest and unselfish of men. 
He lived to see his work properly understood and appreciated. He 
was elected a member of most of the learned societies and academies in 
the world. He was awarded the first Nobel prize in chemistry in 1901. 

The name of Van’t Hoff will undoubtedly go down in the history of 
science along with those of the very greatest—with Maxwell and Sir J. 
J. Thomson; with Laplace and Pasteur, and with Helmholtz and 
Lorentz. 
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THE CATSKILL AQUEDUCT 


THE supply of water for New York 
City is an engineering and eeonomie 
problem of the greatest possible in- 
portance, The supply from the Croton 
watershed is at present just about 


Connecticut, the Catskill region is the 


equal to the consumption; if the rain- , 


fall during the present year should be 
small, there is danger lest there be an 
actual water famine in New York City, 
the harmful results of which would be 
atmost incalenlable. The consumption 
could be considerably lessened by re- 
quiring nieters in cach house measuring 
the amount ot water used, and it would 
doubtless be desirable to introduce this 
system, though it would not give per- 
manent rehet. The average daily con- 
sumption of Croton water in New York 
City is over 350,000,000 gallons and 
the increasing population causes an 
annual increase of fifteen millon gal- 
lons a day. Unless an interstate agree- 
ment could have been made by whieh 
water should have been obtained from 


only source that will give an adequate 
supply for a long period of years. The 
engineering problems of bringing the 
water a hundred niles from the Cat- 
skill Mountains are of great magni- 
tude; the construction of the aqueduet 
is nearly equal to that of the Panama 
canal in difiiculty and in cost. 

The geology of the region and to a 
large extent the engineering problems 
are reviewed in a bulletin issued by 
the New York Education Department 
and prepared by Professor Charles P. 
Berkey, of Columbia University. The 
facts aud illustrations for this note are 
taken from this report. The surface 
of the Ashokan reservoir in the Cat- 
skils will be 590 feet above the sea, 
and the High View reservoir within 


| the limits of New York City will have 


an elevation of 295 feet. The length 
of the aqueduct between the two reser- 
voirs will be approximately 92 miles 
and the main distributing conduit in 


A Virnw 


Ci oe 


to form a part 


THE CAPSKILL MouNTAINS, looking across the Beaverkill basin which is 
of Ashokan 


Reservoir. 
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OUTLINE MAP SHOWING ALTERNATIVE LINES STUDIED AS POSSIBLE CROSSINGS 


OF THE HUDSON 


New York City will be eighteen miles 
long. The Ashokan reservoir is at a 
sufficient elevation to permit water to 
flow down to the IIill View reservoir, 
but a number of valleys and streams 
must be crossed, the most striking, 
from the point of view of the outsider 
at least, being the gorge of the Hudson 
River. More than two hundred borings 
were made at various points, and it 
was finally decided to construct the 
aqueduct under the Hudson between 
Storm King and Breakneck mountains 
at the north entrance to the Highlands. 

It would be possible to bring the 
water in iron pipes through the mud 
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and silt, as has been done in the case 
of the Pennsylvania Railway in New 
York City, but a tunnel through the 
rock will give great strength and per- 
maunence. The accompanying illustra- 
tion shows the borings which have been 
made at Storm King, revealing the 
extraordinary depth of the Hudson 
gorge. It has been known through the 
maps of the U. 8S, Coast and Geodetic 
Survey that the Hudson River is con- 
tinued by a submerged gorge more a 
hundred miles across the continental 
shelf to the deep sea. This gorge at 
its deepest part is 3,800 feet in depth, 
and must apparently have been formed 
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A CoMPposiTeE DIAGRAMMATIC CROSS SECTION oF TILE IIUDSON GORGE AT THE 
STORM KING ChossInG, showing the method of making the vertical borings, the 
direction of the first two inclined borings, the positions of the shafts and the extent 
of explorations. (Adapted from drawings of the Board of Water Supply.) 
during an epoch of great continental aud 
elevation. The borings in the High- 
lands have been carried to a depth of 
750 feet without reaching the bottom. 
This is more than twice as great a 
depth as has leen found at any other 


The width depth of this 
gorge must have been due to glacial 
erosion When a stream of ice was 
forced down from the wide bay that 
then existed north of the mountains. 
The syphon tunnel under the Hudson 


great 


pomt either above or below, though 
even at Pegg’s Point and at New York 
City it is possible that there is a nar- 
rower gorge in the middle of the river. 


is only one of a number of great 
syphons and aqueduets that must Le 
constructed Letween the Catskills and 


New York City. Owing to the present 


CATHEDRAL GORGE, a postglacial entrenchment of Esopus Creek at the Tongore 


site. 
feet of drift. 


The pregiacial gorge lies at the nerth side of the valley buried beneath 250 
(Photograph by Bourd of Water Supply.) 
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need of the watershed, it is proposed 
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The committee does not make clear 


to develop at first only the Esopus | just what a modified classical course 


watershed by the construction of the 
great Ashokan dam at Olive Bridge 


and to carry the water to the present | 


Croton systein, the aqueducts of which 
are somewhat in excess of the Croton 
supply in dry years. It is hoped that 
this part of the undertaking may be 
conipleted within three years, 


THE AMHERST IDEA 


THE class of 1885 of Amherst Col- 
lege at its twenty-fifth reunion a year 
ago appointed a committee to present 
to the trustees an address on the future 
development of the college. It is an 
interesting fact that the alumni of a 
college should concern themselves with 
scholarship rather than with athleties, 
and the address is a document of such 
considerable moment that 
tracted wide attention. The committee 
signing the report points out that the 
conditions for a college such as Am- 
herst have changed in the course of 
the past twenty-five years. The great 
universities, especially the state uni- 
versities, take students from the high 
schoo] and graduate them prepared for 
a technical career. A college such as 
Amherst can not compete with these 
institutions. According to the ecommit- 
tee it has or should have other objects. 
It should demand a preparation not 
within the tendencies of the high 


should be. They say that all would 
agree that some knowledge of science 
is part of a liberal education and that 
no one would advocate the adoption of 
the unchanged classical course of fifty 
years ago, They also say that a class- 


ical education is a training in civics, 


the history of government, etc. The 
difficulty is that if students are to be 
thoroughly trained in Latin and Greek, 
they must specialize quite as much as 
students preparing for the professions. 


_ Now that we have admirable technolog- 


ical schools, it would apparently be 
desirable to have schools that would 


'specialize to the same extent in the 


languages, on the one hand, and in his- 
tory and political science, on the other. 


This is not because, as the committee 


it has at- | 


argues, technical education teaches de- 
vices instead of principles, and is one 


‘of the causes of the increased excita- 


schools, and give a course whieh post- | 


pones preparation for a_ profession. 
Amherst should retain, or return to, a 
liberal or classical education and con- 
fine its work to this. The committee 
makes to the trustees five definite 
propositions: 


1. That the instruetion given at Am- 
herst College be a modified classical 
course, 

2. That the degree of bachelor of 
science be abolished. 

3. That the colleve adopt the delib- 
erate policy of devoting all its means 
to the indefinite increase of teachers’ 
salaries. 

4. That the number of students at- 
tending the college be limited. 

5. That entrance be permitted only 
hy competitive examination. 


bility of American polities. This is 
little short of nonsense. But it would 
be desirable for one college to give a 
thorough classical education for the 
training of scholars in this direction 
and as a basis for work in literature, 
in law and in other professions. It is 
an advantage for men to enter on their 
professions with diverse training in 
order that they may specialize in dif- 
ferent directions. Such a_ college 
should have a graduate department, 
which the Amherst committee appar- 
ently regards as superfluons, in order 
to maintain the scholarship both of its 
professors and of its students. 

This, however, is presumably not at 
all what is wanted by the committee; 
it would let Amherst College give a 
liberal edueation on the lines, for ex- 
ample, advocated by President Lowell, 
teaching those things which a eulti- 
vated gentleman should know. If such 
an education is desirable there is much 
to be said for giving it at a small 
college rather than in a great univer- 
sity. If a college is limited to some 
three hundred students, it is possible 
for all the students to attend the same 
courses, to know each other and all the 
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This portrait of the eminent zoologist of the University of Munich shows him 
at the age of sixty years, when a‘ Festschrift’ has been prepared in his bonor by 
his former students. 
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professors, and for the professors in 
turn to teach and know all the stu- 
dents, and to feel personally respon- 
sible for the work of the whole insti- 
tution. It is, however, somewhat diffi- 
cult to decide how the number of stu- 
dents shall be limited. According to 
the committee it should be done by 
competitive examinations. This, how- 
ever, is a doubtful expedient, as the 
preparation for a competitive exam- 
ination is not necessarily the best edu- 
cational method, and young students 
who can pass such an examination with 
the highest grades are not always those 
who will be successful in their later 
work. It would apparently be a better 
plan to admit all promising students 
and to drop a considerable percentage 
at the close of the first year. Under 
these conditions students are likely to 
work well at the start, whereas if they 
pass a competitive examination of 
which they do not particularly approve 
they may feel that they deserve some 
relaxation. It would probably be de- 
sirable for Amherst to decrease the 
number of students by giving up the 
degree of B.S., unless the college is 
prepared to offer adequate courses in 
the natural and exact science. The 
degree of B.S. at certain colleges is 
scarcely more reputable than the de- 
gree of B.E.—)achelor of the elements 
—which is given by one college to the 
students who fail to obtain any other 
degree. 

The third recommendation of the 
committee will certainly be approved 
by college professors. The maximum 
salary at Aimbherst is $3,000 and the 
committee finds that, on the average, 
professors spend a thousand dollars in 
excess of their salary. This fact is in 
itself not for it might 
mean that one or two professors had 
large incomes. 


significant, 


To make the figures of 
value the committee should give the 
number of professors who spend on 
their living more than three thousand 
dollars. It is, well known 
that college and university professors 


however, 


receive relatively smaller salaries than 
men at the head of the other profes- 
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sions, and if a college such as Amherst 
wishes to obtain and retain for its 
faculty men of the highest ability, the 
salaries must be increased. 


SCIENTIFIC ITEMS 


WE record with regret the deaths of 
Dr. Samuel H. Scudder, of Cambridge, 
eminent for his contributions to ento- 
mology; of Dr. Stanford Emerson 
Chaillé, for forty-one years professor 
of physiology and pathological anat- 
omy in the medical department of 
Tulane University; of Dr. Edward 
Burnett Vorhees, professor of agricul- 
ture at Rutgers College and director 
of the New Jersey Agricultural Ex- 
periment Station; of Professor William 
Russell Dudley, professor of botany in 
Stanford University; of Nathaniel 
Wright Lord, professor of mineralogy 
and metallurgy in the Ohio State Uni- 
versity; of Mrs. Williamina Paton 
Fleming, curator of astronomical pho- 
tographs in the Harvard College Ob- 
servatory, and of Dr. N. Story Mas- 
kelyne, from 1856 to 1895 professor of 
inineralogy at Oxford. 


Proressor FE. C, PICKERING, director 
of the Harvard College Observatory, 
has been created knight of the Prus- 
sian order Pour le mérite. Simon 
Newcomb and Alexander Agassiz are 
the only other American men of science 
on whoni this honor has been conferred. 
—At its annual meeting the American 
Academy of Arts and Sciences voted to 
award the Rumford premium to Pro- 
fessor James Mason Crafts ‘‘for his 
investigations in high temperature 
thermometry and the exact determina- 
tion of new fixed reference points on 
the thermometrie scale.’ 


DuRING his recent visit to Washing- 
ton at the time of the annual meeting 
of the National Academy of Sciences, 
Sir John Murray presented a fund of 
six thousand dollars to the academy 
for the purpose of founding an Alex- 
ander Agassiz gold medal which shall 
be awarded to scientific men in any 
part of the world for original contribu- 
tions to the science of oceanography. 
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THE SIGNIFICANCE OF TROPISMS FOR PSYCHOLOGY? 


By PROFESSOR JACQUES LOEB 


ROCKEFELLER INSTITUTE, N.Y. 


y) 


fee scientific analysis of psychical phenomena must, I believe, aim 

to explain these phenomena according to laws of physical chem- 
istry. I know very well that many people would hold that even a com- 
plete physico-chemical analysis of all psychic phenomena must still 
leave the “trnly psychical” unexplained. J do not agree with such 
an opinion, but as we are to-day still very far from the ideal of a com- 
plete physico-chemical analysis of psychical phenomena, there is noth- 
ing to be gained by quarrelling about just how much scientific illumina- 
tion and satisfaction we shall attain when that goal is once reached. 
On the second point, however, a general agreement may be reached, 
namely, first, that we must undertake and carry out a physico-chemical 
analysis of psychical phenomena; and, second, that for such an analysis 
the same principles of investigation are required as for the physico- 
chemical anaiysis of the very much simpler processes in inanimate 
nature. 

Twenty-two years ago I came to the conclusion that what we cal! 
“will” in many lower animals is nothing but the phenomena of 
tropisms well known in plants, especially through the work of Sachs. 
In a series of articles, of which the first two appeared? in January, 
1888, I have tried to establish this view, and I will now summarize the 
facts briefly, and try to do away with some of the difficulties which 
zoologists and psychologists have experienced in applying my theories. 
To my mind the essential value of my theory hes in the preparation 

*Lecture given at the Sixth International Psychological Congress at 
Geneva, 1909. Published by Johann Ambrosius Barth, Leipzig, 1909. (Trans- 
lated by Grace B. Watkinson, New York, February, 1911.) 


* Loeb, Sttzungsber. der Wurcburger Physik.-led. Gesellsch., 1888. 
VOL. LXXXI.-—8. 
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it gives for the application of the law of mass action (and other physico- 
chemical laws) to phenomena which usually form the material for 
psychological speculation. ‘To make possible a better understanding of 
my lecture, let me mention briefly how I came to hold the views set 
forth here. 

The writings of the metaphysicians on the will in nature led me to 
an experimental analysis of the nature of will. When in my first years 
at the university Munk’s investigations on the cerebral cortex fell into 
my hands I believed that here was a starting point toward my goal. 
Munk stated that he had succeeded in proving that every memory 
image in a dog’s brain is localized in a particular cell or group of cells 
and that any one of these memory images can be extirpated at will. 
Five years of experiments later with extirpations in the cerebral cortex 
proved to me without doubt that Munk had become the victim of an 
error and that the method of cerebral operations can really give only 
data concerning the nerve connections in the central nervous system 
but teach practically nothing about the dynamics of brain processes. 

A better way seemed to lie in the comparative psychology of the 
lower animals in which the memory apparatus is developed but slightly 
or not at all. It seemed to me that some day it must become possible 
to trace the apparently random movements of animals back to general 
laws, just as definitely as it has been done for the movements of the 
planets, and that the word “animal will” is only the expression 
of our ignorance of the forces which prescribe for animals the direc- 
tion of their apparently spontaneous movements just as unequivocally 
as gravity prescribes the movements of the planets. For if a savage 
could directly observe the movement of the planets and should begin 
to ponder over it, he would probably come to the conclusion that a 
“will action” guides the movements of the planets, just as a chance 
observer is inclined to assume that “ will” causes animals to move in a 
given direction. 

The scientific solution of the problem of will seemed to consist in 
finding the forces which unequivocally determine the movements of 
animals, and in discovering the laws according to which these forces 
act. Jixperimentally, the solution of the problem of will must take the 
form of forcing, by external means, any number of individuals of a 
given kind of animal to move in a definite direction by means of their 
locomotor apparatus. Only if this succeeds have we the right to 
assume that we know the force which under certain conditions seems 
to a layman to be the will of the animal. But if only a part of the 
number moves in this definite direction and another does not, then we 
have not succeeded in finding the force which in a given case deter- 
mines unequivocally the direction of movement. 

One other point should be observed. If a sparrow flies down from 
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a roof to a seed lying in the street, we speak of an act of will, but 
if a dead sparrow falls from the roof upon the seed this does not appear 
to us to be an act of will. In the latter case purely physical forces are 
concerned, while in the former chemical reactions are also taking place 
in the sense organs, nerves and muscles of the animal. We speak of an 
act of will, only when this latter complex, that is, the natural move- 
ment of locomotion, plays its part also, and it is only with this sort of 
reactions that we have to deal in the psychology of the will. 


II 


Some experiments on winged plant lice may serve as an introduction 
to these methods of definitely prescribing to animals the direction of 
their progressive movements. 

In order to obtain the material, potted rose-bushes or cinerarias 
thickly infected with plant lice are brought into a room and placed in 
front of a closed window. If the plants are allowed to dry out, the 
aphids, previously wingless, change into winged insects. After this 
metamorphosis the animals leave the plants, fly to the window and there 
creep upward on the glass. They can then be easily collected by holding 
a test-tube underneath and touching one animal at a time from above 
with a pen or scalpal; the animals then drop into the test-tube. 
In this way a sufficiently large number, perhaps twenty-five or fifty 
suitable subjects for the experiment, may be quickly obtained. With 
these animals it may be demonstrated that the direction of their move- 
ment toward the light is definitely determined—provided that the ani- 
mals are healthy and that the light is not too weak. The experiment is 
arranged so that only a single source of light, e. g., artificial light, 
is used. 

The animals place themselves with their heads toward the source of 
light and move in as direct a line as the imperfectness of their locomotor 
apparatus allows, toward it. If they are in a test-tube they go as far 
toward the source of light as their prison allows. When they reach that 
end of the test-tube which is directed toward the source of light, they 
remain there, stationary, in a closely crowded mass. If the test-tube is 
turned around 180° the animals again go straight toward the source of 
light until the interference of the glass stops their further progressive 
movements.? It can be demonstrated in these animals that the direction 
of their progressive movement is just as unequivocally governed by the 
source of light as the direction of the movement of the planets is 
determined by the force of gravity. 

The theory of the compulsory movements of aphids under the influ- 
ence of light is as follows: Two factors govern the progressive move- 


® Loeb, ‘‘Der Heliotropismus der Tiere und seine Ubereinstimmung mit dem 
Heliotropismus der Pflanzen,’’ Wiirzburg, 1890 (Erschienen, 1889). 
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ments of the animals under these conditions; one is the symmetrical 
structure of the animal, and the second is the photochemical action of 
light. We will consider the two separately. In regard to the photo- 
chemical action of light, we know to-day that a great many chemical 
reactions of organic bodies are accelerated by light. Especially is this 
true of oxidations.* The mass of facts presented to us here concerning 
this relatively young branch of physical chemistry is already so great 
that we have the right to assume that the determining action of light 
upon animals and plants is in its last analysis due to the fact that the 
rate of certain chemical reactions in the cells of the retina or of other 
photosensitive regions of the organisms is modified by light; with 
increasing intensity of light the rate of certain chemical reactions, for 
instance, oxidation, increases according to a definite law, namely, the 
law of Bunsen and Roscoe. 

The second factor is the symmetrical structure of the animal. As 
expressed in the gross anatomy of the animal this is shown by the well- 
known fact that the right and left halves of the body are symmetrical. 
But it is my belief that such a symmetry exists in a chemical sense as 
well as in an anatomical sense—by which I mean that symmetrical 
regions of the body are chemically identical and have the same metab- 
olism, while non-symmetrical regions of the body are chemically 
different, and in general have a quantitatively or qualitatively different 
metabolism. In order to illustrate this difference it is only necessary 
to point out that the two retinas, which are certainly symmetrical, have 
an identical metabolism, while a region of the skin which is not sym- 
metrical with the retina has a different metabolism. The individual 
points on the retina are also chemically unlike. The observations upon 
visual purple, the differences in the color-sensitiveness of the fovea cen- 
tralis, and the peripheral parts of the retina indicate that the points of 
symmetry of the two retinas are chemically like, but the non- 
symmetrical points chemically unlike. 

Now if an. unequal amount of hght falls upon the two retinas, 
the photo-chemical reactions in the retina which receives more light 
will also be more accelerated than in the other. The same thing nat- 
urally holds true for every other pair of symmetrical photosensitive sur- 
face elements. For it should be mentioned just here that photochemical 
substances are not only found in the eyes, but also in other places on the 
outer surface of many animals. In planarians, as my experiments and 
those of Parker have shown, not only the eyes, but also other places on 
the skin, are photosensitive. But if more hight falls upon one retina 
than upon the other, the chemical reactions, for instance, the or- 

‘Luther, ‘‘Die Aufgaben der Photochemie,’’ Leipzig, 1905. C. Neuberg, 
Biochem. Zcitschr., Bd. 13, 8. 305, 1908. Loeb, ‘‘ Vorlesungen iiber die Dynamik 
der Lebenserscheinungen,’’ Leipzig, 1906. In addition, the work of Ciamician, 
as also Wolfgang Ostwald (Biochem. Zcitschr., 1907). 
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ganic oxidation, will also be more accelerated in one retina than in the 
other, and accordingly more intense chemical changes will take place in 
one optic nerve than in the other. 8. S. Maxwell and C. D. Snyder have 
demonstrated, independently, that the rate of the nerve impulse has 
a temperature coefficient of the order of magnitude which is charac- 
teristic for chemical reactions. According to this we must conclude 
that when two retinas (or other points of symmetry) are illuminated 
with unequal intensity, chemical processes, also of unequal intensity, 
take place in the two optic nerves (or the sensory nerves of the two 
points). This inequality of chemical processes passes from the 
sensory to the motor nerves and eventually into the muscles con- 
nected with them. We conclude from this that with equal illumina- 
tion of both retinas the symmetrical groups of muscles of both halves 
of the body will receive equal chemical stimuli and thus reach 
equal states of contraction, while when the rate of reaction is unequal, 
the symmetrical muscles on one side of the body come into stronger 
action than those on the other side. The result of such an inequality of 
action of symmetrical muscles of both halves of the body is a change in 
the direction of movement on the part of the animal. 

This change in the direction of movement can result either in a 
turning of the head toward the source of light and the accompanying 
movement of the whole animal toward the source of light, or in a turn- 
ing of the head in the opposite direction and the accompanying move- 
ment of the whole animal in the opposite direction. Jn order to show 
that the choice between the two possibilities has to do with purely phys- 
ico-chemical conditions, we should have to discuss, one by one, a whole 
series of topics upon the physiology of the central nervous system. It 
may suffice to call to mind briefly first that the structure of the central 
nervous system is segmental and that the head segments generally 
determine’ the behavior of the other segments with their accessory 
parts; and secondly that chemical processes in any single element can 
cause an increase in the tonus of certain muscle groups as well as 
causing just the opposite effect under other conditions. 

In the winged aphids the relations are as follows: Suppose that a 
single source of light is present and that the light strikes the animal 
from one side. As a consequence the activity of those muscles which 
turn the head or body of the animal towards the source of light will be 
increased. As a result the head, and with it the whole body of the 

5 Loeb, ‘‘Comparative Physiology of the Brain and Comparative Psychol- 
ogy,’’ New York and London, 1900. 

°If two equally powerful sources of light are present at equal distances 
from the animal, the animal will move in a line at right angles to a line con- 
necting the two sources of light, because in this case both eyes are similarly 
influenced by the light. Herein, as Bohn has rightly said, the machine-like 
heliotropic reaction of animals differs from the movement of a human being 
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animal, is turned toward the source of light. As soon as this happens, 
the two retinas become illuminated equally. There is therefore no 
longer any cause for the animal to turn in one direction or the other. 
It is thus automatically guided toward the source of hight. In this 
instance the will of the animal which determines the direction of its 
movement is light, just as it is gravity in the case of a falling stone 
or the movement of a planet. Only the action of gravity upon the 
direction of movement of the falling stone is direct, while the action of 
light upon the direction of movement of the aphids is indirect, inas- 
much as the animal only by means of an acceleration of photochemical 
reactions is caused to move in a definite direction. 

We will now designate as positively heliotropic those animals which 
are forced to turn the head or the parts of the body which are foremost 
during locomotion toward the source of light, and as negatively helio- 
tropic those animals which are oriented in the opposite direction. 

The aphids serve here only as an example. The same phenomena 
of positive heliotropism may be demonstrated with equal precision in a 
great many animals, vertebrates as well as invertebrates, for instance in 
young fishes. We can not, of course, give an account of all these cases 
here. The reader who is interested in them must look into the vol- 
uminuous literature upon this subject.” 


III 


The winged aphids can serve as an example, because in their case the 
above-mentioned requirement is fulfilled, namely, that ali individuals, 
without exception, move toward the light. For mechanistic science it is 
a methodological postulate that the same law applies without excep- 
tion, or that a sufficient reason must be given in case of an exception. 
But it was soon found, as might be expected, that not all organisms in 
their natural condition are equally suitable for these experiments. 
Many animals show no heliotropism at all; many show only a slight re- 
action, while others show it to as pronounced a degree as do the winged 
aphids. The problem therefore presented itself of making artificially 
heliotropic those animals which show no positive heliotropism. Such 
attempts give us a broad insight into the mechanism of acts of will. 
Jf small crustaceans of a fresh-water pond or lake are taken with a 
plankton net at noon-time or in the afternoon and placed in an aqua- 
rium which is illuminated from one side only, it is generally found that 
these animals move about in the vessel pretty much at random and 
distribute themselves irregularly. Some seem to go more toward the 
toward one of two sources of light, the movement in the latter case not being 
determined by heliotropism. 


‘Heliotropism is unusually common, namely, among the larve of marine 
animals and insects, but also not lacking in sexually mature individuals. 
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lighted side, others in the opposite direction, and the majority perhaps 
pay no attention to the light. 

This condition changes instantly if we add to the water some acid, 
preferably carbonic acid, which easily penetrates the cells. This is done 
by slowly adding to every 50 c.cm. of the fresh water a few cubic centi- 
meters of water charged with carbondioxide. If the correct amount of 
carbonic acid is added all the individuals become actively positively 
heliotropic in a few moments and they move in as straight a line as 
the primitiveness of their swimming movements permits, toward the 
source of light, and remain there closely crowded together on the lighted 
side of the vessel. If the vessel is turned around 180°, they go directly 
back again to the lighted side of the vessel. Every other acid acts like 
carbonic acid and alcohol acts in the same manner, only more feebly 
and much more slowly. Animals which were previously indifferent to 
light become, under carbonic acid treatment, complete slaves of the 
hight.§ 

How does the acid produce this result? We wit! assume that it 
acts as a sensitizer. ‘The light produces chemical changes, for in- 
stance, oxidation on the surface of the animal, especially in the eye, 
as was suggested in the case of the aphids. The mass of photochemical 
substance which is acted upon by the light is often relatively small, so 
that even when the light strikes the crustacean (copepod) on one side 
only, the difference in the chemical changes on the two sides of the 
body remains still too small to call forth a difference in tension or 
action, in the muscles of the two sides of the body, sufficient to turn 
the animal toward the source of light. But if we add an acid this could 
act as a catalyzer, as, for instance, in the catalysis of esters. In the 
catalysis of esters, the acid acts, according to Stieglitz, only to the extent 
of increasing the active mass of the substance which undergoes a 
chemical change. In order to provisionally fix our ideas, we will assume 
that the acid makes the animal more strongly positively heliotropic by 
increasing the active mass of the photosensitive substance. By this 
means it becomes possible for the same intensity of light which before 
produced no heliotropic reaction now to cause a very pronounced posi- 
tively heliotropic reaction; because if now the animal is struck on one 
side only by the light, the difference in the reaction product in both 
retine becomes rapidly great enough to cause automatically a difference 
in the action of the muscles of both sides of the body and a turning of 
the head towards the source of light. 

A second consideration must also be mentioned here. In certain 
forms, for instance, in daphnia and in certain marine copepods, a de- 
crease in temperature also increases the tendency to positive helio- 
tropism. If the mere addition of acid is not sufficient to make the 


* Loeb, Pfliigers Archiv, Bd. 115, 8. 564, 1906. 
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daphnia positively heliotropic, this may often be accomplished by 
simultaneously reducing the temperature. From the physico-chemical 
standpoint we must assume that likewise in the dark, at the ordinary 
temperature, the photosensitive substance is destroyed so rapidly that 
its active mass is generally rather too low to cause a heliotropic reaction. 
By reducing the temperature the rate of decomposition of the photo- 
sensitive substance is decreased more than the rate of its formations. 

This illustration may suffice, under the limitations of the space 
allowed us, to indicate how the facts in this field might be correlated 
when viewed from the standpoint of physical chemistry. 


IV 


The animals which are strongly positive heliotropic and those ani- 
mals which do not react at all to light offer the observer no difficulties. 
Nevertheless, some zoologists, apparently not very familiar with the laws 
of physical chemistry, seem to have found difficulty in explaining the 
behavior of those animals which come between the two extremes. For 
instance, one writer has asserted that with greater intensity of ight the 
laws of heliotropic orientation hold good, while with a lessened light- 
intensity the animals react to light by the method of “ trial and error.” 
From a chemical standpoint the behavior of animals at low intensity is 
easily to be understood. If a positively heliotropic animal is illuminated 
from one side a compulsory turning of the head toward the source of 
light occurs only when the difference in the rate of certain photo- 
chemical reactions in the two eyes reaches a certain value. If the inten- 
sity of the light is sufficient and the active mass of photochemical sub- 
stance in the animal great enough, it is only a short time, for instance, 
the fraction of a second, before the difference in the mass of the re- 
action products formed on the two sides of the animal reaches the 
value necessary for the compulsory turning of the head toward the 
source of light. In this case the animal is a slave of the light; in other 
words, it has hardly time to deviate from the direction of the hight rays; 
for if it turns the head even for the fraction of a second from the direc- 
tion of the light rays, the difference in the photochemical reaction- 
products in the two retinas becomes so great that the head is at once 
automatically turned back toward the source of light. But if the in- 
tensity of the light is lessened (or the photosensitiveness of the animal 
lessened) the animal may deviate for a longer period from the direction 
of the ight rays. Such animals do eventually reach the lighted side of 
the vessel, but they no longer go straight toward it, but move instead in 
zig-zag lines or very irregularly. It is, therefore not a case of a qualita- 
tive, but of a quantitative, difference in the behavior of heliotropic 
animals under greater or lesser illumination, and it is therefore errone- 
ous to assert that heliotropism determines the movement of animals 
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toward the source of light only under strong illumination, but that 
under weaker illumination an essentially different condition exists. 

Still another point is to be considered. We have seen that acid 
increases the sensitiveness of certain animals to light and probably, as 
we assume, by increasing the active mass of the photochemical sub- 
stance. Now every animal is continually producing acids in its cells, 
especially carbonic acid and lactic acid. It probably produces also sub- 
stances which could have the opposite effect and which decrease the 
heliotropic sensitiveness of the animals. Fluctuations in the rate of 
production of these substances will also produce fluctuations in the 
heliotropic sensitiveness of the animal. Now if, for instance, the ac- 
tive mass of the photosensitive substance in a copepod is relatively 
small, a temporary increase in the production of carbonic acid can in- 
crease the photosensitiveness of the animal sufficiently for it to move 
for the period of a few seconds directly toward the source of light. 
Later the production of carbonic acid decreases and the animal again 
becomes indifferent to ight and can move in any other direction. Then 
the production of carbonic acid increases again and the animal goes 
again, for a short time, toward the light. Such animals finally gather 
at the lighted side of the vessel because the aigebraic sum of the move- 
ments in the other directions becomes zero according to the law of 
chance. But it is plain that such animals do not reach the source of 
light by a straight path. A writer who is not trained to interpret the 
variations in the behavior of such an animal chemically and physiolog- 
ically, can naturally give no explanation of their significance. If he is 
forced to find an explanation he will wind up at the method of “ trial 
and error” which is no more chemical nor scientific than the explana- 
tions of metaphysicians in general. 

Some authors have, it seems, woiked only with animals which were 
not pronouncedly heliotropic and the photo-sensitiveness of which 
wavered about the threshold of stimulation in the manner described 
above. A writer trained in physical chemistry would have understood 
that such animals are unsuitable for experiments in heliotropism and 
that it is necessary to first increase their photo-sensitiveness if the 
laws of the action of light upon them are to be investigated. 

I also believe that observations upon animals which are not suffi- 
ciently photo-sensitive have caused many writers to assert that helio- 
tropic animals do not place themselves directly in the line of the rays 
of light,® but that they first have to learn the right orientation. But 
a very striking experiment contradicts this assertion. The larve of 
Balanus perforatus develop entirely in the dark. If the ovary filled 
with mature larve is, in the dark, placed in a watch crystal filled with 
sea water, the larvee emerge at once and, if they are brought into the 


* Provided that only a single source of light is present. 
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light, they move at once to the side of the watch crystal nearest to the 
window. They were, therefore, pronouncedly positively heliotropic be- 
fore they came under the influence of the light. 

In experiments with winged aphids I often found that after having 
gone through the heliotropic reactions a few times they react much 
more quickly to light than at the beginning. This might be inter- 
preted as a case of “learning.” In so far as it is not a case of a lessen- 
ing of the stickiness of the feet or the removal of some other purely me- 
chanical factor which retards the rate of movement, it may be brought 
about by the carbonic or lactic acids produced through the muscular 
activity.?° 


Vv 


As far back as twenty years ago I pointed out that the photo-sensi- 
tiveness of an animal is different in different physiological conditions 
and that, therefore, under natural conditions, heliotropism is found 
often only in certain developmental stages, or in certain physiological 
states of an animal. I have already mentioned that in the aphids dis- 
tinct heliotropic reactions may only be expected when the animals have 
developed wings and left the plant. The influence of the chemical 
changes which take place in animals upon heliotropism is much more 
distinct in the larve of Porthesia chrysorrhea. The larve hatch from 
the eggs in the fall and, as young larve, hibernate in a nest. The 
rising temperature in the spring drives them out of the nest and they 
can be driven out of the nest in winter also by an increase in tempera- 
ture. When they are driven out of the nest in this condition they are 
strongly positively heliotropic and I have never found in natural 
surroundings any animals whose heliotropic sensitiveness was more 
pronounced than it is in the young larve of Chrysorrhea under these 
conditions. But as soon as the animals have once eaten the positive 
heliotropism disappears and does not return if they are again allowed 
to become hungry."! In this case it is clear that the chemical changes 
connected with nutrition directly or indirectly lead to a permanent 
diminution or disappearance of the photochemical] reaction. In ants 
and bees the influence of substances from the sexual organs seems to 
be the determining factor in the production of positive heliotropism. 
The ant workers show no heliotropic reactions while in the males and 
females, at the time of sexual maturity, a distinct positive heliotropism 
develops, the intensity of which continues to increase. 


17 The phenomenon of ‘‘steps’’ (‘‘Treppe’’) upon stimulation of a muscle 
is ascribed, probably rightly, also to the formation of acid. The phenomenon 
of ‘‘steps,’’ that is, the increase of the amount of contraction with every new 
stimulus is, however, comparable to or identical with the increase in the rate of 
reactions in the experiments described here. 

4 Loeb, l.c., p. 24. (This latter fact has been overlooked by several writers.) 


THE SIGNIFICANCE OF TROPISMS GEG! 


According to Kellogg the case of the bees is similar. It is a well 
known fact that during sexual maturity special substances are formed 
which influence various organs. For instance, Leo Loeb has found that 
the substances which are set free by the bursting of an egg follicle 
cause a special sensitiveness in the non-pregnant uterus, so that every 
mechanical stimulus causes the latter to form a decidua. In this way 
he could cause the formation of any number of decidus in non-preg- 
nant uteri, while without the follicle substance the uterus did not react 
in this manner. 

It is a common phenomenon that animals in certain larval stages 
are positively heliotropic, while in others they are not sensitive to light 
or are even negatively heliotropic. In order to save time [ will not now 
discuss further these facts which are easily comprehensible in the light 
of what has been said and I refer the readers to my earlier papers. 

This change in the heliotropic censitiveness, produced by certain 
metabolic products in the animal body is of great biological significance. 
I have already shown that it even serves to save the lives of the above- 
mentioned young larve of Chrysorrheea. When the young larve are 
awakened from their winter sleep by the spring sunshine they are ac- 
tively positively heliotropic. The positive heliotropism leaves them no 
freedom of movement, but forces them to creep (eindeutig) straight 
upward to the top of a tree or branch. Here they find the first buds. 
In this way the heliotropism guides them to their food. Should they 
now remain positively heliotropic they would be held fast on the ends 
of the twigs and would starve to death. But we have already men- 
tioned that after they have eaten they lose the positive heliotropism 
once more. They can now creep downwards, and the restlessness which 
is characteristic of so many animals’? forces them to creep downwards 
until they reach a new leaf, the odor or tactile stimulus of which stops 
the progressive movement of the machine and sets in motion further 
eating activity. 

The fact that ants and bees become positively heliotropic at the 
time of sexual maturity plays an important réle in the vital economy 
of these creatures. As is well known, the mating of these insects takes 
place during flights, the so-called nuptial flight. Now I have watched 
and found that among the male and female ants of a single nest the 
heliotropic sensitiveness increases steadily up to the time of the nuptial 
flights and that the direction of their nuptial flights follows the direc- 
tion of the rays of the sun in the afternoon. I gained the impression 
that this nuptial flight is merely the consequence of a very highly de- 
veloped heliotropic sensitiveness. The case must be similar among the 
bees according to the following experiment described by Kellogg. The 


2 The physico-chemical cause of this ‘‘restlessness’’ which is noticeable in 
many insects and crustaceans is at present unknown. 
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bees were ready to swarm out of the opening of the box used for the 
experiment when he suddenly removed the dark covering of the box 
so that the light now entered it from above. The heliotropic sensitive- 
ness of the animals was so great that they crept upward within the 
box, following the direction of the light rays and were not able to make 
the nuptial flight. Thus, according to these observations the bees at 
the time of the nuptial flight are positively heliotropic machines. 

These observations may serve as examples of the way in which 
analyses of the vital phenomena of certain animals show tropisms to be 
elements of these phenomena. Many observations of a similar nature 
are found in the papers of George Bohn, Parker, Radl'* and myself. 
What appear to us upon incomplete analysis as acts of will or instinct 
prove upon more careful analysis, in a series of cases, to be tropisms, the 
theories of which we have explained in the foregoing pages. 


VI 


Under the influence of the theory of natural selection the view has 
been accepted by many zoologists and psychologists that everything 
which an animal does is for its best interest. But now the exact doc- 
trine of heredity, founded by Mendel and advanced to the position of 
a systematic science in 1900, reduces this false idea to its proper 
value. It is only true that species possessing tropisms which would 
make reproduction and preservation of the species impossible must die 
out. The opposite view, however, namely, that every reaction or every 
tropism which an animal possesses is for its interest, or of great benefit 
to it, is just as incorrect as the view that every structural characteristic 
of a species must be useful to it. 

Galvanotropism illustrates this in a striking manner. If a galvanic 
current is passed through a trough filled with water, and if animals are 
placed in this trough it can be observed that an orientation in relation 
to the direction of the current takes place in many animals and that 
the organisms move in the direction either of the positive or of the 
negative current. In this case we speak of galvanotropism. 
In galvanotropism the current lines or the current curves play the 
same role as the light rays in heliotropism. The explanation is that at 
those points where the current curves enter the cells'* a collection of 
ions takes place which influences the chemical reactions. The number 
of organisms which show typical galvanotropic reactions is not so large 
as the number of those which show typical heliotropism. According to 
my opinion this difference is the result of the physical difference in 
the action of light:and of the electric current. Light acts essentially 
upon the free surface of the animal, while the electric current affects 


8 Radl, ‘‘Der Phototropismus der Tiere,’’ Leipzig, 1903. 
4% Or where the movement of the ions within the cell is retarded. 
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all the cells and nerves of the animal. Thus, in general, the action of 
the current upon the skin becomes complicated and modified by its 
simultaneous effect upon the nerve branches and upon the central 
nervous system. The result is thus much more complicated than that 
of the action of light where essentially only the effect upon the skin 
and retina is involved. For this reason, a distinct galvanotropism is 
found more often in organisms with simple structure, as, for in- 
stance, in one-celled organisms, than in vertebrates, although it is also 
demonstrable in the latter. 

Galvanotropism is, however, purely a laboratory product. With 
the exception of a few individuals, which have in recent years fallen 
into the hands of physiologists who happened to be working on gal- 
vyanotropism, no animal has ever had the chance to come under the 
influence of an electric current. And yet galvanotropism is a re- 
markably common reaction among animals. A more direct contradic- 
tion of the view that the reactions of animals are determined by their 
needs or by natural selection could hardly be found. 

One might be led to suppose that galvanotropism and heliotropism 
are not comparable. They are, however, as a matter of fact, phenomena 
of the same category with the exception of the aforementioned fact that 
light acts generally only upon the surface of the skin, while the electric 
current influences all the cells of the body. As already mentioned, the 
disturbing complications arising from this latter circumstance disap- 
pear for the most part when we work with one-celled organisms, and 
we should expect that galvanic and heliotropic reactions would more 
nearly resemble one another in this case, provided that we work with 
organisms which possess both forms of sensitiveness. And this expec- 
tation is fulfilled. The colonial alg of the species Volvox show helio- 
tropism and galvanotropism. The investigations made by Holmes and 
myself upon heliotropism, as well as those of Bancroft upon the gal- 
vanotropism of these organisms, indicate that the mechanism of these 
reactions in Volvoz is the same and the degree of determinism of the 
heliotropic and galvanotropic reactions in Volvox is equally great. 

Claparéde raises the objection that the galvanotropic reactions are 
purely compulsory, while the heliotropic reactions are governed by the 
“interest of the animal.”?* Such a view, however, is not supported 
by the facts. The reason that heliotropism may occasionally, as we 
have seen, be of use, while galvanotropism has no biological signifi- 
cance, is because the electric current does not exist in nature. It can, 
however, be shown also that heliotropism is Just as useless to many ani- 
mals as galvanotropism. For instance, I pointed out twenty years ago 
that some varieties of animals which do not live in the light at all, for 


* Claparéde, ‘‘Les tropismes devant la Psychologie,’’ Journ. f. Psychologie 
und Neurologie, Bd. 13, 8. 150, 1908. 
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instance, the larve of the goat moth, which live under the bark of trees, 
may show positive heliotropism. I found, moreover, that the crab, 
Cuma Rathkii, which lives in the mud of the harbor of Kiel, when 
brought into the light and removed from the mud shows positive helio- 
tropism. It is, therefore, just as incorrect to assert that the heliotropie 
reactions are governed by the biological interests of the animal as that 
this is true for galvanotropism. We must therefore free ourselves at 
once from the overvaluation of natural selection and accept the conse- 
quences of Mendel’s theory of heredity, according to which the ani- 
mal is to be looked upon as an aggregate of independent hereditary 
qualities. 
VII 

The attempt has been made to prove that organisms are attuned to 
a certain intensity of light and so regulate their heliotropism that they 
invariably reach that intensity of light which is best suited to their well- 
being. I believe that this is also a case of a suggestion forced upon the 
investigators by the extreme application of the natural selection theory. 
I have made experiments upon a large number of animals, but, with a 
clear arrangement of the physical conditions of the experiment, I have 
never found a single indication of such an adaptation. In every case it 
has been shown that positively heliotropic animals are positive with 
any intensity of light above the threshold. Thus winged plant lice or 
wingless larve of Chrysorrhea or copepods, which have been made helio- 
tropic by acids, go toward the light regardless of whether the source of 
light is the direct sunlight or reflected light from the sky or weak lamp 
light, provided that the (threshold) value of intensity of light required 
for the reaction is passed. Indeed, I have been able to show that posi- 
tively heliotropic animals also move toward the source of light even if 
the arrangement is such that by so doing they go from the light into the 
shadow.® A “selection” of a suitable light intensity I have never 
observed. 

What probably lies behind these interpretations of the “selection of 
suitable light intensity ” is the fact that under certain conditions re- 
action products formed by the photochemical action of light may inhibit 
the positive heliotropism. JI found a very clear instance of this sort in 
the newly hatched larve of Balanus perforatus, which are positively 
heliotropic. If they are placed in the light of a quartz mercury lamp 
(of Heraus) which is very rich in ultra-violet rays, the positively helio- 
tropic larvee soon become negatively heliotropic. For these experiments 


* Quite often without even stopping for a moment. In animals sensitive to 
differences (see next chapter) a stopping occurs in this experiment in the pass- 
ing from the light into the shadow, but they go, nevertheless, immediately on 
in the direction of the source of light. The reader will find a further account 
of this experiment in my ‘‘ Vorlesungen itiber die Dynamik der Lebenserschein- 
ungen.’? 
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the larve should be placed only in a very shallow depth of sea-water. 

Even in a strong light which is not so rich in ultra-violet rays as the 
light of the mercury lamp, it is sometimes possible to cause positively 
heliotropic animals to become negatively heliotropic. This is the case, 
for instance, with the larve of Polygordius. But it would be wrong in 
this case to speak of an adaptation of the animal to a certain light 
intensity. In my opinion it is merely a case where a metabolic product 
either alters the photochemical action or so influences the central 
nervous system that even the excitation of the retina by the light 
weakens the tonus of the muscles, instead of strengthening it. 

Some of the other mistakes have perhaps also arisen because the 
writers worked with complicated experimental conditions instead of 
with simple ones, for instance, because they used a hollow prism filled 
with ink in order to produce a gradual decrease in the light intensity. 
In the semi-darkness thus produced, the intensity of light often remains 
beneath or near the threshold of stimulation, and the writers fall 
victims to that class of errors which we have already pointed out in 
speaking of the influence of lesser intensities of light. 


VIIl 


Heliotropic phenomena are determined by the relative rates of 
chemical reactions occurring simultaneously in symmetrical surface ele- 
ments of an animal. There is a second class of phenomena which is 
determined by a sudden change in the rate of chemical reactions in the 
same surface elements. Reactions to sudden change of light intensity 
are shown most clearly in marine tube worms, whose gills are exposed to 
light. If the light intensity in the aquarium is suddenly diminished the 
worms withdraw quickly into their tubes. A sudden increase of light 
intensity has no such effect. With other forms, for instance, with 
planarians, a sudden decrease of the intensity of the light causes a 
decrease in movement. Such animals gather chiefly in parts of the 
space where the light intensity is relatively small. I have designated 
such reactions as the expression of sensitiveness to change in intensity 
of a stimulus (Unterschiedsempfindlichkeit), in order to distinguish 
them from tropisms."7 

It is hardly necessary to point out here that the effects of rapid 
changes in intensity, when they are very marked, can easily complicate 
and entirely obscure the heliotropic phenomena. In Hypotricha and 
other infusoria this sense of difference is very pronounced in response to 
sudden touch or sudden alteration of the chemical medium, and like 

“Loeb, ‘‘Uber die Umwandlung positiv heliotropischer Tiere usw,’’ 
Pfliigers Archiv, 1893. See also the recent investigations of Georg Bohn, ‘La 
naissance de }’intelligence,’’ Paris, 1909; ‘‘Les essais et les erreurs chez les 


étioles de mer,’’ Bull. Inst. gén. psychol., 1907; ‘‘Intervention des réactions 
oscillatoires dans les tropismes,’’ .dss. france. d. Sciences, 1907. 
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the tube-worms they thereupon draw back very quickly. Since their 
locomotor organs are not symmetrical, but are arranged in a peculiar 
unsymmetrical manner, they do not, after the next progressive move- 
ment return to the former direction of movement, but deviate sideways 
from it, and it is, therefore, easy to understand that such animals do 
not furnish the best material to demonstrate the laws of heliotropism, 
especially since they possess, moreover, only a slight photochemical sen- 
sitiveness. But Jennings has with special preference used observations 
on such organisms to argue against the theory of tropisms, and he has 
with these arguments caused much confusion in the minds of zoologists. 
One writer has, if I am not mistaken, asserted that the significance of 
tropisms is lmited by the demonstration of the sense of difference. 
This writer overlooks the fact that it is a question of tracing psychical 
phenomena, and not merely tropisms, back to physico-chemical processes. 
Just as in muscles and nerves the action of a constant current is 
different from that of an intermittent current, so we find in the action 
of light an analogous case. If we wish to trace all animal reactions 
back to physico-chemical laws we must take into consideration besides 
the tropisms not only the facts of the sense of difference, but also all 
other facts which exert an influence upon the reactions. The influence 
of that mechanism which we call “ associative memory ” also belongs in 
this category, but we can not discuss that further here. Instead the 
reader is referred to my aforementioned book, as well as the newer work 
of Bohn, “La naissanee de Vintelligence.” #8 Let us bear in mind 
that “ ideas ” also can act, much as acids do for the heliotropism of cer- 
tain animals, namely, to increase the sensitiveness to certain stimuli, 
and thus can lead to tropism-like movements or actions directed toward 
a goal.?® 
IX 


Besides light and the electric current, the force of gravity also has 
an orienting influence upon a number of animals. The majority of 
such animals are forced to turn their heads away from the center of 
the earth and to creep upward. It was uncertain for a Jong time how 
the orientation of cells in relation to the center of gravity of the earth 
could influence the rate of the chemical reactions within, but it has 
been suggested that an enlargement or shifting of the reacting surfaces 
formed the essential connecting link. If it is assumed that in such 
geotropically sensitive cells two phases (for instance, two fluid sub- 
stances which are not at all, or not easily, miscible, or one solid and one 
fluid substance) of different specific gravities are present, which react 
upon one another a reaction takes place at the surfaces of contact. Every 

*%«<¢Comparative Physiology of the Brain and Comparative Psychology,’’ 


New York and London, 1900. 
* Paris, ‘‘ Bibliotheque de Philosophie scientifique,’’ 1909. 
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enlargement of the latter increases the mass of reacting molecules. A 
shifting of the contact surfaces would act in the same manner. Finally, 
a third possibility remains which could perhaps be realized in plant 
roots and stems. Jf in the geotropically sensitive elements two masses 
of different specific gravity are present, only one of which reacts to the 
flowing sap in the center or the periphery of the stem, the cells of the 
upper side of a stem which is laid horizontally will acquire a different 
rate of reaction from those of the lower side, because in the former the 
specifically heavier substances are directed toward the center of the stem, 
while in the latter the specifically lighter ones are directed toward the 
center. Consequently, one side will grow faster than the other, and 
thence the geotropic bending.?? In the frog’s egg, we can actually 
directly demonstrate the existence of two substances of different specific 
gravity and can study their behavior, since in this case they are of dif- 
ferent color. 

In animals it has been observed that orientation toward the center 
of gravity of the earth often becomes less compulsory when the inner ear 
has been removed. Mach first pointed out the possibility that the 
otoliths are responsible for this. They might press upon the end-organs 
of the sensory nerves and every change of pressure might cause a cor- 
rection of the position of the animal. It is generally assumed that this 
view has been verified by experiment. I cannot, however, agree with 
this, although I once described experiments which seemed to support 
Mach’s otolith theory. I had found that when the otoliths of the 
inner ear of the shark are scraped out with a sharp spoon the normal 
orientation of the animal suffers; but if the otoliths are simply washed 
out from the internal ear by a mild current of seawater the orientation 
of the animal does not suffer so easily. 

In the latter case, the doubt is present as to whether all the otolith 
powder has been removed from the ear. The matter was decided by 
experiments on flounders, which have only a single large otolith which 
can easily be removed from the ear. E. P. Lyon carried out these 
experiments, which showed that no disturbance of the orientation 
resulted from this operation. We may conclude, therefore, that in my 
experiments of scraping out the otoliths a disturbance of the orienta- 
tion occurred because by this means the nerve endings in the earg were 
injured. We have, therefore, no right to say that the orientation of 
animals in relation to the center of gravity of the earth is regulated by 
the pressure of the otoliths upon the nerve endings, but that this regula- 
tion takes place in the nerve endings themselves, and probably, indeed, 
as a result of the existence there of two different phases of different 
specific gravity which react upon one another. Through the change of 


» Chapter Tropismen in ‘‘Vorlesungen tber die Dynamik der Lebens- 
erscheinungen.’’ 
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orientation of the cells in relation to the center of gravity of the earth, 
the two phases undergo a shifting by means of which a change in the 
rate of reaction is brought about according to one of the ways given 
above. Since then I have looked through the literature on the function 
of the otoliths or statoliths, and have reaehed the conclusion that all 
writers who assert that the removal of the otoliths disturbs the geo- 
tropic orientation of animals have been victims of the same fallacy as 
myself. They have injured or removed the nerve endings. In the only 
ease in which a removal of the otoliths without tearing or other injury 
of the nerve endings can be justifiably assumed, no disturbance of the 
orientation occurred, 

While in my own work I have armed to trace the complex reactions 
of animals to simpler reactions like those of plants and finally to physico- 
chemical laws, the opposite tendency has lately been gaining influence. 
Some botanists, namely, Haherlandt, Némec and F. Darwin, endeavor 
to show that the relatively simpler reactions of plants may be traced 
back to the more complex relations found in animals. Instead of deriv- 
ing the tropic reactions of plants as directly as possible from the law of 
mass action (and other physico-chemical laws), they try to show that 
“sense organs” exist in the cells of plants and Francé even attributes 
to the latter a “soul” and an “ intelligence.” I believe that in order 
to be consistent, these writers ought to base the law of mass action upon 
the assumption of the existence of sense-organs, souls and intelligence 
in the molecules and ions. Jt ig probably unnecessary to emphasize the 
fact that it is better for the progress of seience to derive the more com- 
plex phenomena from simpler components than to do the contrary, 
naniely, to try to explain the simpler by means of the more eomplex. 
For all “ explanation ” consists solely in the presentation of a phenom- 
enon as an unequivocal function of the variables by which it is deter- 
mined, and if in nature we find a function of two variables, it does not, 
in my opinion, tend toward progress to assert that this is a ease of 
functions of more than two variables, without furnishing sufficient 
proof of this assertion. 

These writers represent the geotropic reactions of plants by saying 
that in certain cells starch grains are present which serve the purpose 
of the otoliths in animals. These starch grains are believed to press 
upon the sense organs or nerve endings in the plant cells coneerned 
and the pressure sense of the plant is then supposed to give rise to the 
geotropic curvature. IT have no opposition to offer to the assumption 
that the starch grains change their position with a change in the 
position of the cells, and I am also willing to pass over for the present 
the view that the starch grains form one of the two phases in the eell. 
But I see no necessity for assuming besides this the existenee of mtra- 
cellular sense organs which perceive the pressure of the starch grains. 
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This is, In my opinion, an unnecessary complication of simple relations 
which in this case introduces a demonstrable error of animal physiology 
into plant physiology. 

ne 


The progress of natural science depends upon the discovery of 
rationalistic elements or siinple natural laws. We find that there are 
two classes of investigators in biology, grouped according to their atti- 
tude toward such simple laws or rationalistic elements. One seems to 
aim at the denial of the existence of such simple laws and every new 
case which does not fall at once under this law is an opportunity for 
them to point out the inadequacy of the latter. The other group of 
investigators aims to discover and not to disprove laws. When such 
investigators have discovered a simple law which is generally applicable, 
they know that an apparent exception does not necessarily overthrow 
the law, but that possibly an opportunity is offered for a new discovery 
and an extension of the old law. Mendel’s laws have been brilliantly 
confirmed in a number of cases. In some cases of deviations (from 
these laws), however, it has not always been possible to recognize at 
once the causes of the same. One group of investigators has recog- 
nized that these deviations do not indicate the incorrectness of Men- 
del’s laws, but that they are merely the result of secondary and often 
minor complications; the latter investigators have from this stand- 
point made further fruitful discoveries. The réle of the other group 
of investigators in this case has consisted, primarily, in an attempt to 
minimize the importance of Mendel’s laws and thus to retard the 
progress of science. 

The case is similar in the realm of tropisms. Tropisms and tropism- 
like reactions are elements which make possible for us a rationalistic con- 
ception of the psychological reactions of animals on the basis of chem- 
ical mass action, and I believe, therefore, that it is in the interest of the 
progress of science to develop further the theory of animal tropisms. 
The fact that in an electric current the same animal often moves differ- 
ently from what it does under the influence of light finds its explana- 
tion for the observer conversant with physical chemistry in the fact that 
the electric current causes changes in the concentration of ions within, 
as well as upon the surface, while the chemical action of light is essen- 
tially limited to the surface. Certain writers, however, leave this dif- 
ference in the action of the two agents out of consideration and make 
use of the difference in the behavior of certain organisms in response to 
light and to the electric current, to assert that it is not permissible to 
speak of tropisms as being governed by general laws; in other words, 
they say that tropisms are without significance. Animals in general 
are symmetrically built and the motor elements of the right and left 
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sides of the body usually act symmetrically. Consequently the helio- 
tropie orientation, for instance, comes about as we have already de- 
seribed. There are annals, however, which move sideways, for in- 
stance, certain crabs, such as the fiddler crab. Holmes has found that 
these crustaceans also go sideways toward the light. Jennings draws 
from this fact the following conclusions: “ The symmetrical position is 
an incident of the reaction, not its essence.” 

In other words, he uses these observations of Holmes to indicate that 
the réle aseribed to symmetry has no importance for the theory of 
tropisms. I am, however, inclined to draw another conclusion, namely, 
that in the fiddler crabs in the first place there is an entirely different 
connection between the retina and the locomotor muscles from that in 
other crustaceans and different animals, and that, secondly, there is a 
special pecuharity in regard to the function of the two retinas whereby 
they do not act hke symmetrical surface elements. I believe that a new 
discovery may be made here.?? 

pall 

These data may suffice to explain my point of view. To me it is a 
question of making the facts of psychology accessible to analysis by 
means of physical chemistry. Jn this way it is already possible to re- 
duce a set of reactions, namely, the tropisms to simple rationalistic rela- 
tions. Many animals, because their body structure is not only morpho- 
logically, but, also chemically, symmetrical, are obliged to orient their 
bodies in a certain way in relation to certain centers of force, as, for 
instanee, the source of light, an electrie current, the center of gravity 
of the earth or chemical substanees. This orientation is automatically 
regulated according to the law of mass action. The application of the 
law of mass action to this set of reactions is thus made possible. I 
consider it unnecessary to give up the term “ comparative psychology,” 
but I am of the opinion that the contents of comparative psychology will 
under the inflnence of the above-mentioned endeavors be different from 
the contents of speculative psychology. But I believe also that the 
further development of this subject will fall more to the lot of biolo- 
gists trained in physical chemistry than to the specialists in psychology 
or zoology, for it is in general hardly to be expected that zoologists and 
psychologists who lack a physico-chemical training will feel attracted 
to the subject of tropisims. 

In closing let me add a few remarks concerning the possible appli- 
cation of the investigations of tropisnis. 

* From which I expect, furthermore, that they will only confirm still more 
the laws of heliotropism. This expectation is based upon analogous relations in 
the plenronectids, which I can not, however, disenss further here. However, 


probably no one will maintain that the existence of the plenronectids invalidates 
all laws in regard to the symmetrical body structure. 
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T believe that the investigation of the conditions which produce 
tropisms may be of importance for psychiatry. If we can call forth in 
an animal otherwise indifferent to hight by means of an acid a helio- 
tropism whieh drives it irresistibly into a flame; if the same thing can 
be brought about abont by means of a secretion of the reproductive 
glands; then we have given, I believe, a group of facts, within which the 
analogies necessary for psychiatry ean be experimentally called forth 
and investigated. 

These experiments may also attain a similar valne for ethics. The 
highest manifestation of ethies, namely, the condition that human 
beings could be willing to sacrifice their hves for an idea is compre- 
hensible neither from the utilitarian standpoint nor from that of the 
categorical imperative. Jn this case also it might possibly be that under 
the influence of certain ideas chemical changes, for instance, internal 
secretions within the body, might be produced which increase the sen- 
sitiveness to certain stimuli to such an unusual degree that such people 
become slaves to certain stimuli just as the copepods become slaves to 
the light. To-day, since Pawlow and his pupils have sneceeded in caus- 
ing the secretion of saliva in the dog by means of optic and acoustic 
signals, it no longer seems to us so strange that what the philosopher 
terms an “idea” is a process which can cause chemical activity in 
the body. 
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FEELING IN THE INTERPRETATION OF NATURE 


By PROFESSOR WM. E. RITTER 


MARINE BIOLOGICAL STATION, LA JOLLA, CAL. 


pie beings, in common with all others, are as fundamentally 

esthetic and emotional as they are cognitive and rational. This 
conclusion I believe to be warranted not only by the facts presented by 
adult man in civilized society, but also by those observable in very 
early, simple stages of life everywhere. We do not say that an ameeba 
knows the sensation it has when if comes in contact with a food-par- 
ticle; nor that a babe Anows the sensation that gives rise to the sucking 
reflex when first its lips touch the nipple or a finger tip. Yet both 
amceeba and babe convert, or elaborate, the raw fact of contact into a 
set of activities that meets the needs of its existence. Each makes its 
contacts serve its own larger ends as surely as does the adult man; and 
no knowledge is worth anything if it does not do that. 

So we have to recognize that the esthetic, the merely responsive 
aspect of our natures, and the psychically elaborative, the recognitive 
aspect, send their roots down to the very deepest layer of organic con- 
stitution; that the two come side by side from a common matrix of 
organization. Neither can be proved to have arisen earlier than the 
other, nor can either be shown to be derived from the other. This 
fundamental parity between intellect and feeling has vast significanee 
for human welfare. Every philosophic system, every educational 
theory, every religious interpretation of life, which fails to recognize it 
is sure to be by so much inadequate. 

One phase of this inadequacy is subjectivism in its many forms. 
Whether as idealism, vouched for in our day by Oxford and Harvard, 
and dressed out in great learning and brilliant dialectic as the “ Abso- 
Inte Good”: or as oceultism, vouched for by Mahatmas and the 
“Mother Church, Scientist,’ and somewhat scorned by the more 
scholarly, the same error runs throughout. The former ignore all of 
man except that part of him which makes svllogisms; the latter goes to 
the opposite extreme and stifles the legitimate demands of the intelli- 
gence for clear and rational thinking. Both fail to recognize that we 
know-and-feel, all in one breath, whenever we respond in an un- 
sophisticated, natural manner to contacts with men and things. 

One of the places in which the intellectualist form of subjectivism 
has got in its stultifving work most disastrously, is in the education of 
children, In spite of spasmodic efforts at reform, the factors of spon- 
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taneous interest and emotional attitude have been practically ignored. 
We have been trying to educate pieces of children. 

We choose for discussion here one phase of the educational situation, 
education touching the living world. We choose this not because it is 
of transcendent value as compared with other aspects, but because the 
writer happens to be a biologist and a teacher. 

Why is it that so few persons even among the educated are gen- 
uinely and broadly interested in and informed about plants and ani- 
mals? Of course everybody cares for plants to the extent of wanting 
good table vegetables and fruits, and nearly everybody cares for flowers. 
Everybody, too, is interested in the domestic products of the animal 
world; and most of us have more or less fondness for a few pet ani- 
mals. After this much has been said it will be allowed, I think, that 
nine tenths of all grown persons in Christian lands are quite indiffer- 
ent to the myriads of plants and animals by which they are surrounded. 
Why is this? Perhaps some one asks what sense there is in such a 
question. To justify the contention that the great rank and file of 
mortals ought not to be thus indifferent, we must reflect a bit on the 
state of being alive, on its nature and scope. 

Are you fond of living? Are you one of that great number of hu- 
man beings who assent to the saying that life is the most interesting 
thing in the world, the thing to be most sought after, most watchfully 
tended? What life is it which you thus appraise? Human life, you 
say promptly; and that is well, so far. But what is human life? Is it 
something wholly apart from the living things round about you? 
Surely von have noted some elements in common hetween the human 
life vou love so dearly and the lowly life you care so little for. And you 
have heard something of what the learned have made ont about “ Man’s 
place in Nature.” 

I ask vou to summon the best thought of which you are capable, 
and tell me if you have no feeling of selfishness, of smallness, of mean- 
ness, when you assert your love of life and mean by “ life” nothing 
more than your own life and that of your family and friends, or even 
of humanity generally. On the other hand, tell me with equal candor, 
do you not have a sense of largeness, of generosity, of outgoing to all 
about you, when your love of life encompasses everything that lives? 

By asking the question, Why are most persons so indifferent toward 
most living things, we approach the answer to the question: It is be- 
cause our theory of life does not include all life, and because it is not 
made by our whole selves. It is made by the intellectual side of our 
natures; the affective, the emotional side having almost no part in the 
process. 

I am sure that if the development of our race and our civilization 
goes on normally, man will reach after a time a synthesis of himself 
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far more thoroughgoing than any yet attained ; he will consolidate him- 
self, will get together his powers and faculties, will reach a degree of 
integrity as yet only foreshadowed. When that time comes man will 
see as never before how much bigger a being he is than his intellect; 
how much more he can be and do by putting his whole self, his feeling, 
his emotion, his sentiment, as well as his mind and will, into his work. 

In that day popular sentiment will not hold almost all creatures 
which are more or less obscure as ntterly good-for-nothing and to be 
trodden underfoot without a passing thought; will not hold every 
worm, every spider, every snake forejudged and forecondemned as a 
poisonous “horrid thing.” There will be a suspension of popular 
judgment in these matters, as there now is of scientific. There will be 
a general disposition to fair play toward all things that live; a desire 
to treat each according to its merits—to kill it, humanely, if it prove 
really harmful, or if nndonbted benefit may come from so doing; but 
otherwise to allow it to go its way. And be it specially noted that the 
benefits of this new day will not end in better sentiment and feeling 
alone. Equally great good will come to knowledge and interpretation. 
A tinge of feeling, of sentiment, toward organisms promotes interest, 
interest promotes attention, and attention is an essential prerequisite 
to the acquisition of knowledge and to sound reasoning. We learn most 
quickly, most spontaneously, most comprehensively, most securely, 
things that interest us, and things interest us most toward which the 
affections go out. 

It used to be said of Louis Agassiz that he handled his specimens as 
thongh he were in love with them; I submit the question to my fellow- 
students in zoology and botany: Do you not ordinarily come to have a 
real fondness for the animals and plants you study? I do, and do not 
hesitate to say that through this affectionate interest has come one of 
my main impulses to and satisfactions in zoology. I have no doubt that 
feeling has been an element in whatever of effectiveness my work has 
had. Of course the orthodox intellectualist’s reply to this will be 
prompt and in its accustomed tone of finality. “ Yes,” most biologists 
will say, “we certainly are fond of the organisms we deal with. We 
have an eye for the gracefulness of form and movement and the beauty 
of color that abound everywhere among living things; but this has 
nothing to do with our biology.” Some will go further and declare that 
not only does feeling contribute nothing to achievement in science, but 
that it is actually hostile to such achievement. To keep sentimentalism 
at arm’s length is exactly one of the things biology has to do, they will 
say; and will point to the mischievousness of the modern nature-fakers. 

This is not the place to consider either illegitimate or legitimate 
fancifulness in writing about animals. I merely express the conviction 
that much as is to be deplored the flood of mercenary falsity concerning 
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nature that has been poured upon this generation, the whole thing has 
come about from a certain unappeased popular demand. There is a 
widespread and rapidly growing curiosity about and interest in animate 
beings. Such curiosity and interest lead inevitably to efforts for in- 
creased knowledge. The authoritative biology of the day has failed and 
is failing to meet this demand. 

Let any teacher of botany or zoology in school or college, whose ex- 
perience reaches back twenty years, consider the men and women of to- 
day who were once his pupils. Let him ask himself to what extent his 
efforts succeeded in making the plants and animals by which these men 
and women have sinee been constantly surrounded, vital, potent, 
perennial elements in the effectiveness of their lives. Testing your 
work thus, does the voice of conscience say well done? It surely does 
not for me, and I have no reason to suppose the instruction I gave 
during some fifteen years to general classes in the University of Cali- 
fornia was particularly worse than that given by most teachers. I 
made use of the regulation paraphernalia in the regulation way. There 
were the innumerable wall-charts carefully drawn and colored, with the 
proper conventions for ectoderm, mesoderm and entoderm, and for the 
various cell-parts during indirect cell-division, fertilization, and so 
forth. <A fairly complete set of preparations to illustrate the lectures 
was at hand, some in bottles, some dry. The fundamental nature of 
living substance, “according to the latest and best authorities,” and 
the fundamental difference between plants and animals, were early and 
concisely set forth. Near the beginning of the course the doctrine of 
evolution was made clear and impressive, and strong enough to sustain 
the weight of every fact that should later be brought forward. 

The vast importance from the evolutionary standpoint of a few 
fundamental types, amacba, volvox, the calcareous sponges, the primi- 
tive annelid, Amphiorus, the shark, was duly insisted upon. The gas- 
trula, the ccelome, the nephridia, the somites of the vertebrate head, 
and the rest of the thirty-nine articles of evolutionary faith were set 
forth. The “factors” of evolution were treated with generosity. 
Natural selection was of course given first place, but later mutation 
became its close second. Not only colored figures, but an actual speci- 
men, naturally environed in a glass case, of Hallima, that wonderful 
leaf-butterfly which has been the cornerstone of a whole philosophy, 
was provided to illustrate protective resemblance; and various other 
instances of adaptation were shown. When the topic of animal psy- 
chology was reached, it was pointed out how easily and completely the 
tropism theory disposes of the vagary of earlier notions about the 
intelligence of lowly creatures, and the interesting point was made that 
in a simple caterpillar “ reacting” up a stick we probably have in our 
hands the key to the whole mystery of mind in the living world. 
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Yet, in spite of this shining program, very, very few general stu- 
dents elected zoology and little glow of enthusiasm could be seen on 
the faces of those who did. Students in need of some biological knowl- 
edge for their later professional studies, and drifters from the non- 
selentific departments of the university im need of eredits for gradua- 
tion, were the chief constituency of the successive classes. Undoubtedly 
a few earnest men and women sought the course out of genuine desire 
for knowledge of the kind it was supposed to furnish. But how scat- 
tering these were I see as I look back in memory over the groups that 
came and went vear by year. 

And were my efforts of no avail at all? Did nothing whatever lodge 
permanently and potently in the minds of those students? I try to 
believe the case is not quite as bad as that, for the lectures and the 
laboratory work were given with much conscientious preparation and 
with real labor in the actual doing. Probably the level of general in- 
telligence of the men and women who took the course is somewhat 
higher than it otherwise would have been. That is all, I much fear, that 
can be rightly claimed. None but we teachers whose professional repu- 
tations and personal interests are at stake will maintain for an instant 
that this is enough. Our teaehing of botany and zoology has failed 
miserably, judged by what is due from it to the spiritual side of men’s 
hives and to the higher reaches of civilization. Why? The central 
reason is clear: Jt is that certain fine-spun theories about “ life,” 
rather than animals and plants themselves, have been the main spring 
of our teaching. The metaphysics of biology and the microscope have 
stood as almost impenetrable screens between the perennially-interest- 
ing, everywhere-present, easily-seen facts of the living world, and the 
natural responsiveness of young learners. 

We have not been metaphysicians by intent or even consciously. 
Indeed, a supposed fidelity to objective reality has made us lond in 
denuneiation of metaphysics. Nevertheless, “ fundamental questions,” 
“ultimate problems,” “complete explanations,” “final solutions ” and 
other phrases which abound in many biological discussions held as 
strictly up-to-date are but thin disguises, to discerning eyes, of gen- 
wine metaphysics. Far he it from me to pronounce general condem- 
nation on metaphysies. Every domain of knowledge has, from the 
nature of things must have, its particular metaphysics. The indict- 
ment against metaphysics in this case is two-fold. First, metaphysies 
belongs by right only to advaneed stages of learning in all fields, and 
so has no business whatever in forma] instruction of the young. Second, 
the metaphysics that has dominated recent biology, while being bad in 
many ways, is especially sinister in its influence on edueation. Mate- 
rialism, the theory now in widest favor, and vitalism, its chief rival, 
might be classed together so far as concerns some of their most essential 
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aspects, under the designation minutism, the theory, that is, that the 
“final explanation ” of all things is to be found only in the excessively 
small, mostly invisible parts or elements of those things. Hence the 
idolatrous attitude which much of biology has long held toward cells, 
nuclei, protoplasm, chromosomes, enzymes, biophores, determinants, 
ete., and hence the exclusion to so large an extent from real biological 
interest and endeavor, of organisms and parts of organisms which are 
large enough to be easily examined without the aid of the microscope. 

The extent to which the zoology of our institutions of higher learn- 
ing deals with invisible or difficultly visible animals; scraps of dead 
animals, and very small living animals either mutilated or placed in 
wholly unnatural surroundings, is remarkable once one comes to look 
at the situation broadly. The management of a zoological park or 
museum, in need of a trained zoologist as superintendent or curator ; or 
the director of an agricultural station who should want an expert on the 
higher animal life of the region, might about as well appeal to a village 
kindergarten or a corner grocery for men equipped for such positions as 
to the department of zoology of most of the great universities of the 
country. 

Persons who devote themselves to the study of living animals and 
plants, especially rather large, common ones like mammals and birds, 
and trees and grasses, and those who study the larger structural fea- 
tures of these larger organisms, can not, according to the prevalent 
view, be admitted to the small, inner-chambered class of philosophical 
biologists, but must remain outside with the great commonality as 
mere “ mammal men” and * bird men,” or, with some condescension, as 
“ mammalogists ” and “ornithologists,” and as mere “systematic 
botanists.” 

We have made the sorry blunder of reasoning that since it has been 
found impossible to make knowledge of organisms thoroughgoing at 
any point without becoming microscopists and chemists, therefore, by 
becoming these exclusively, after awhile we shall have plumbed the 
deepest depths of the living world. 

The only justification for speaking of these family dissensions 
within the biological household is that this much seemed necessary as 
preliminary to the expression of my conviction that should speculative 
biology ever become as strongly dominated by a carefully thought-out, 
wholesome metaphysics as it is now dominated by a meagerly informed, 
badly reasoned, unwholesome metaphysics, human beings and the higher 
animals and plants, taken living and whole, would be seen to be more 
interesting than simpler organisms and parts of organisms, just in pro- 
portion as the higher exceed the lower in complexity. 

This reassessment of the living world as to degrees of interest 
would follow such a reformation in the metaphysics of biology since 
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it would be seen that higher and the highest organisms are just as 
“ultimate,” just as “ fundamental,” as are the lower and lowest organ- 
isms, and that the whole of any organism is as “ ultimate” and “ fun- 
damental ” as are any of its parts. 

What this means said in every-day language is that a sorely defect- 
ive general theory, or philosophy of living things, is preventing the 
recognized leaders in biological science from having any vital interest 
in the actual, living plants and animals with which common observa- 
tion and intelligence come in contact. 

So far my point has been that we can not interpret plant and animal 
life broadly and soundly either in technical science or in common in- 
telligence unless the esthetic side of our nature joins with the intel- 
lectual side in determining our attitude toward the beings we deal with. 
Now I want to insist that the business of truly original study is always 
suffused and quickened by feeling. What investigator of nature who 
has ever made a real discovery, however small, does not know that an 
element of emotion was involved? True discovery is always, it seems, 
proportional to the imagination put into the effort that led to it; and 
Imagination, even partially fulfilled in actual experience, is emotional 
through and through. The famous story that Newton was so agitated 
that he had to ask a friend to write for him when he saw his calcula- 
tions concerning the attraction of the earth for the moon were finally 
going to be confirmed by Picard’s lately corrected observations on the 
size of the earth might easily be true, whether it is or not. 

Divoree science from feeling as completely as some men of science 
seem to believe it ought to be divorced, and science is dead formalism. 
Real progress in it is at an end. Highly specialized research untouched 
by imagination is worse than dead, it is a birth that has never been 
“quickened.” In it you have “science for its own sake” sure enough, 
for it becomes so much a thing of technique, of strange new words, and 
of old words with twisted meanings, that none but the esoterics can 
make any sense out of it, much less any practical use. Normal warm- 
blooded human beings are not greatly attracted to a science 


Where soul is dead, and feeling hath no place; 
Where knowledge, ill begun in cold remark 

On outward things, with formal inference ends, 
Or, if the mind turn inward, ’tis perplexed, 
Lost in a gloom of uninspired research. 


But a practical difficulty, the question of what is possible in one 
short lifetime, is sure to be raised here. Does this liberal attitude 
toward nature, this breadth of interest and knowledge, spell its own 
practical if not its theoretical defeat? Does it make demands upon 
investigation and upon instruction of the young which can not be met 
because of the limited capacities of mortal beings? Does it mean 
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superficiality still more wide-spread and debilitating than it is now? 
Noé at all. Paradoxical as it may seem, the very conditions that would 
produce a broader knowledge of living things would make that knowl- 
edge more accurate and penetrating. 

Once see clearly how much more educational effort can accomplish 
with smal] children when it takes advantage of curiosity about, and 
spontaneous interest in, nature, than when it tries to compel interest, 
and one of the main ways of escape from the difficulty here indicated 
will have been found. As to more advanced youths and adults, the 
belief is altogether too widely and influentially held that interest in 
nature 1s more dependent upon continuous work with and exhaustive 
knowledge of the particular sections of nature concerned, than is actu- 
ally the case. Under the guidance of a free and expansive general 
theory of living nature a keen and genuinely elevating interest in a 
vast range of things about which one’s technical knowledge is rather 
meager, is undoubtedly possible. 

The dread of superficiality entertained by professional biologists, 
while justifiable to a certain extent, is yet often strongly tinctured with 
the notion that profundity of knowledge means knowledge of the deeply 
located parts of organisms; and contrariwise, that any knowledge of 
the exterior, easily visible parts and activities is superficial. This 
tincturing is another of the results of the bad metaphysics already 
referred to. 

But perhaps the most important consideration under this head con- 
cerns the powers of men. Human beings are indeed limited in capacity. 
No one can learn or do everything. Yet exactly where are the bounds 
of human capacity? What psychologist has determined accurately the 
utmost limits of the power of acquisition by any given human mind? 
When we ascribe limitations to the powers of the mind it is vitally 
important that we measure our words. There is a vast difference be- 
tween recognizing that limits do exist and knowing just where they are. 

Such expressions as “we can do anything we really want to do,” 
and “we can do what we must do,” though so long familiar in common 
life, are only now coming to scientific definiteness of meaning in 
psychology and biology. We must presently become aware that the 
discovery of the unused spiritual and physical capacities of the human 
being is of transcendent importance; and but for the circumstance that 
our dominant biological philosophy has had no use for, and hence no 
interest in, the facts, it would be surprising that so little notice has 
been taken of them. 

Who that has had anything to do with children has not noticed the 
facility with which they learn certain things, which they take up all 
by themselves, and which it seems there is no reason why they should 
learn? Conspicuous illustrations before us everywhere in the United 
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States just now are the extent to which boys go into electricity, par- 
ticularly wireless telegraphy: and the extent of their mastery over the 
automobile. Nothing has astonished me more than the quickness and 
thoroughness with which I have in several instances seen boys of from 
six to ten vears learn the automobile when one has come into the family 
for the first time. J believe thousands of men throughout the land 
will bear witness from their own observations that an ordinary lad of 
ten will learn an automobile as readily and nearly as thoroughly as a 
full-fledged man, and with no seeming effort whatever. 

Ifow long, I ask any school teacher, do you suppose it would re- 
quire for the same boy to master the automobile with equal thorough- 
ness, were it to be taken into the schoo] and studied in the usual schoo] 
way with no other interests and notions than those ordinarily present in 
schoo] learning? My own earlier experience as a teacher in the ele- 
mentary schools, and my later observations on learning and acquiring 
skill, lead me to venture the opinion that no matter how long a boy 
should be taught the automobile by school methods under school con- 
ditions, he would never gain such a mastery over it as thousands of 
hoys are now doing in a month or six weeks with no partieular instruc- 
tion at all. The principle is the same, I take it, as that of learning 
languages. We ordinarily make the sharpest distinction between native 
and foreign tongues. As a matter of fact, there is no such distinction 
to a child beginning to talk. To it one language is as native or as 
foreign as another and two or three, who knows how many? will be 
acquired simultaneously and with equal facility during the proper 
language-getting period and under the exigencies of real life. 

The point for education is that in our systems as they are, the 
natural correlations between the stages of individual development and 
subjects to be acquired, native curiosity and interest, spontaneous 
spiritual and physical activity, and social and other environmental] 
impingements upon the growing boy and girl, are given the most hap- 
hazard attention by those who make and operate the systems. In the 
matter of the child’s contacts with and attitude toward natural history, 
I merely point out how objectively and largely a child’s first knowledge 
is biological. Its contacts with its mother and its nurse, through all the 
avenues to its inner life, are continuous and vital. The first hours and 
davs and months of a babe’s life are a continuous laboratory course in 
biology. Then come the earliest wider contacts and noticings and 
curiosities and attentions and movings about. Think of the inevitable 
conquest of the family cat and dog, and the cow, the horse, the pig, the 
sheep, if hy good fortune the voungster’s world contains these animals. 
The nursery and the toy-shop, not the schoolroom and the eduea- 
tional supply store, tell the story of how the natural edueation of 
children runs. 
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Only a few days ago, in a discussion of the perennially debated, 
but never settled, nature-study question, a gentleman affirmed with 
considerable warmth that as to subject-matter the teacher must teach 
what “is interesting to her.” There we have in a nut-shell one of the 
chief factors in the sore inadequacy of nearly all our efforts at formal 
instruction. The supposed needs of the future men and women rather 
than the present capacities, curiosities and activities of the children 
determine both subject and method. What is interesting, not to the 
child, but to the teacher, is the thing to be taught from the vast stores 
of physical nature. 

Unfortunately even this topsy-turvy theory does not get much 
chance to show itself at its best, for too often what the teacher is really 
interested in is her pay. Thanks to the alertness and omnivorous 
curiosity of most ehildren, things would go better if each teacher could 
handle subjects that do genuinely interest her. As a matter of fact, it 
is often true that the topics tanght are not those which thoroughly in- 
terest any one in particular: they are rather those which, it is held, 
ought to interest everybody. The course of study, like the famous Mr. 
Herbert Spencer, “ goes fishing with a generalization ” for the interest 
of the “average child,’ which has not yet been shown to exist in the 
flesh. No wonder the actual Jacks and Jills fail to rise to the ighly 
rational and theoretically attractive bait. 

I have recently examined a large number of elementary text-books 
in zoology and botany, and several general works on the theory and 
practise of teaching, and have been much interested to find how un- 
mistakably and almost invariably they reflect biological and psycho- 
logical doctrines which are thoroughly antiqnated. The word “ anti- 
quated ” I use with deliberation. Basal conceptions have to be over- 
hauled now and then; that is the way eivilization gets ahead. 

It is obvious to me that Dr. Boris Sidis is on the right road doc- 
trinally, and the example he has given us in educating his own son is 
most important. Looking at young Sidis through the eves of a hiol- 
ogist, I see not necessarily a “mutant,” or “ sport,” but the result of 
a carefully worked out demonstration in nurture. It is an experiment 
I am able to verify at any time by giving the feral, stunted plants of 
our dry mesa lands about San Diego a better chance through stirring 
the soil around them, or summer watering. 

There is no doubt in my mind that under a thoroughly natural edu- 
cational procedure carried on partly in the home and partly in the 
school, any boy or girl capable of being well educated might be better 
edueated at seventeen than any but very exceptional students are now 
when they are invested as bachelors by our best universities. By “ bet- 
ter educated” I mean more broadly educated, more accurately, and, 
above all, more sympathetically and growingly educated. One of the 
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most unfortunate things, it seems to me, about the education young 
people now get is the supposed completedness of it when the class-room 
door has been passed for the last time. 

Any normal man or woman who looks back over his childhood finds 
at least a few great enthusiasms entering in the makeup of his early 
world, which came upon him unawares and were only dimly connected 
with the little exact knowledge he may have possessed. Some of the 
brightest memories of childhood are of feelings, vague, perhaps, but 
none the less real, as to the beauty, the vastness, the mystery of the 
world. The time 


Of splendour in the grass, of glory in the flower, 


is no fiction for most persons. Poets’ fancies are apt to find response 
somewhere in the constitution of most of us, however successfully we 
may have Bessemerized ourselves by mental discipline or business. 
Nearly all children, like nearly all primitive peoples, have in their 
natures the material out of which mystics are made; and of all the 
flames in human nature none burn higher and holier than that of 
mysticism. ‘To utilize this raw material, not to the making of mystics 
but of sane, wholesome men and women, I conceive to be one of the 
great educational problems on the hands of this generation. 

Edneation is failing so signally to meet the needs of rapidly ad- 
vancing civilization because it is not calling forth the best powers of 
the boys and girls. It is not getting at these powers because it is not 
appealing to the real interests of the children; and it is not appealing 
-to these interests because it is not taking the children whole; it is try- 
ing to educate pieces of children. Under an educational régime that 
should do no violence either to the nature of children or the nature of 
nature, I am convinced that much of the alert curiosity, lively imagina- 
tion, automatic attention, and spontaneous acquisition characteristic of 
early childhood could and would be carried up into the later inevitable 
strenuosity and anxiety of advanced scholarship and “ sure-enough ” 
hfe. 

Emerson somewhere exclaims, “The earlier generations saw God 
face to face; we through their eyes. Why should not we also enjoy an 
original relation to nature?” 

The kernel of the educational problem, at least as regards nature, 
is here. Not only “ earher generations” but our own children, enjoy 
“an original relation to nature.” That they ever lose that relation, is 
largely chargeable to defective education. 
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THE TYPHOID FLY ON THE MINNESOTA JRON RANGE? 


By Proressor F. L. WASHBURN 


AGRICULTURAL EXPERIMENT STATION, ST, ANTIIONY PARK, MINN. 


OWARD the northern part of Minnesota, running from a point 
near Coleraine and Hibbing on the west to Ely on the east, is 
a low ridge of land, on an average about 1,200 feet above seal level, 
known, as most of you are aware, as the Minnesota Iron Range. It is 
not out of place to say that the industries associated with iron mining 
on this range give employment to over 200,000 people, all told, and of 
this mumber about 16,000, represented by Finns, Austrians (in the 
broadest sense of that term), Italians and a few Swedes, labor day and 
night to bring to the surface and send to Duluth, in carloads, the iron 
ore which enriches the coffers of the United States Steel Company. 
These latter are the miners, the actual workers with pick and shovel, 
and it is of these and their environment, and their relations to the 
common house fly of which we wish to speak. 

I used the expression “bring to the surface.” Let me hasten to 
say that a very large proportion of this mining is surface mining, and 
the mines are. for the most part, particularly in the Hibbing district, 
huge open valleys, made by stripping the surface covering the ore for a 
depth varying from fourteen to one hundred and fifty feet. Below this 
stripping there may be anywhere from fifty to two hundred feet of ore, 
and the removal of this, and the strippings, leaves enormous holes, 
resembling huge craters of extinct volcanoes. So deep are some of 
these artificial canyons, and so tremendous the mountainous piles of 
gravel and sand which constitute the strippings, that the entire topog- 
raphy of that part of the country is being strikingly changed, and one 
would imagine the phenomenon there observed to be the result of a 
mighty convulsion, or of several convulsions of the earth’s crust, did 
he not see, far below him, as he stands on the edge of one of these 
mines, countless men at work, and busy engines, steam shovels and 
trains of ore cars running on temporary tracks, either carrying off the 
strippings, or bringing up the precious ore, which is soon speeding on 
its way to Duluth. 

I have emphasized the fact of the existence of open mines in order 
to make it clear that these men are working in the open air, and under 
conditions which should be, other things being equal, in the highest 

1 Address, illustrated by lantern slide and moving pictures, delivered under 


the auspices of the Entomological Society of America, at their winter meeting 
in Minneapolis, December 28, 1910. 
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DarrRY BARN—16 cows. Dung heap was removed the day before, leaving the entrance 
in the condition shown. An out-house is shown at the rear. 


degree hygienie. The miners live in various loealities; some in cheap 
boarding houses in the towns in the neighborhood of the mines, some 
in settlements or ‘ locations,” as they are ealled, smaller aggregations 
of dwellings, small villages, as it were, situated close to an open mine 
or shaft. Some live in eamps—elusters of buildings of a much poorer 
sort than those alluded to above, more or less temporary in character 
and also located near the mines. Of these miners the Finns are by 
far the most cleanly and the most stable; almost all of the married 
miners are to be found in their ranks. The Austrians, by far out- 
numbering the other races, for the most part pass mm and out of the 
country as ehance dictates, and their domestie habits and the environ- 
ment which they tolerate are so filthy as to lead one to suppose that 
they, above all others, would be the worst sufferers from tvphoid. The 
Italians, more numerous than the Finns, less so than the Austrians, 
appear to vie with the latter in the matter of negligence of their sur- 
roundings. The Swedes, industrious and cleanly, are so few in num- 
ber (less than 700 on the entire range in 1907) that we might prac- 
tically disregard them in this disenssion were it not for the faet that 
they suffered to some extent from typhoid in a reeent epidemie, and 
for a reason to be explained later. 

Now, in illustrating conditions which prevail in one portion of the 
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Jron Range, we are depicting conditions which are found practically 
over its entire length, and if the name of any town is mentioned, and 
pictures thrown on the screen illustrating unhygienic conditions in con- 
nection with any town or towns, it must be borne in mind that these 
are not the only towns, and the Iron Range not the only locality in 
Minnesota where conditions favorable for a typhoid epidemic exist. 

The above-named aliens, who work with pick and shovel, are low 
in the social scale, most of them densely ignorant, the greater number 
of extremely unclean habits, fatalistic in their views, and more or less 
suspicions of well-meant overtures. The workmen in the employ of 
the stripping companies, firms who contract with the mining com- 
panies to remove the soil covering the ore, are composed of the same 
nationalities as those employed by the latter companies, and live in 
much the same conditions. 

A manager of one of the stripping companies remarked, speaking 
of the Austrians, that they would not raise a hand to clean their houses 
or other surroundings; they will submit to having it done for them 
by the company, but soon revert to the more primitive and, to them, 
more pleasant state. 

The Austrians, as the term is broadly used on the range, including 
the Hungarians and people coming from the small principalities in and 


SAME BARN AS PRECEDING FIGURE, showing the unsanitary condition of the 
entrance, The photographer endeavored to wade the manure holes and sunk to his 
knees in the water and manure, 
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about Austria and Hungary, are locally called “ TIunyaks” and the 
Jtalians “ Dagoes.” A “ white,” in range parlance, is a Swede or any 
one of the higher class of laborers who works steadily at his job. The 
employees in the offices of the mining companies, as well as the citizens 
generally, fall under the latter appellation. It is doubtful if the Euro- 
pean homes of these people, almost the only people evidently who are 
attracted, at present, to this class of work, are as filthy as the condi- 
tions with whieh they are surrounded here, conditions which are a 
menace to the health of any community. 


CREEK WHERE SEWAGE EMPTIES. 


We find, on the range, houses, boarding houses and others, swarm- 
ing with flies. We find garbage eans, old, dirty stables sheltering 
miserable cows and horses, with the accompanying manure pile, and 
the dangerous open privy close to dwellings; dish water and other filth 
deposited in close proximity to wells, dairies that are unholy, so hor- 
rible are the conditions of their environment; sidewalks covered with 
the expectorations of all sorts and conditions of men, through which 
and over which filth walk hordes of flies in summer and early fall; 
alleys there are, too, the filth in which can hardly be described. Last, 
but by no ineans least, we note absence of screens in the windows and 
doors of dwelling houses, or, if there are any screens at all in a house, 
the good they might do is nullified by the presence of other screenless 
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windows or screenless doors in the same building. Add to these con- 
ditions dense ignorance on matters of hygiene, indifference and intol- 
erance of being interfered with, together with the fatalistic spirit above 

“referred to, and one realizes that conditions there are almost always 
ripe for an epidemic. 

It is hardly necessary to dwell at length on the house fly, now 
known as the typhoid fly, as a factor in the spread of the disease from 
which it is named. The excellent work of Dr. Howard along these 
lines, as well as later investigations, has placed the responsibility of 
one means of dissemination of typhoid where it belongs, and, as you 
well know, although we should still have typhoid if the house fly did 
not exist, and in spite of the fact that other msects may well carry 
the germ, the house fly is so evidently the chief offender that the name, 
“typhoid fly,” is a very proper one to call attention to the danger of 
its presence. 

In the eighties the possibility of flies carrying disease germs was 
called to the attention of physicians and the public. In 1898 we find 
what is perhaps the first reference to observations on the house fly’s 
frequenting typhoid excreta, and thence flying to food, and the state- 
ment that bacterial cnltnres were obtained from both fly tracks and 
fly specks. Closely following this, in 1899, came the outbreak of 
typhoid amongst our soldiers in camp at Porto Principe, and Major 
Reed’s report to the War Department that the epidemic was due to 
flies. The public then began to turn its serions attention toward the 
fly question. In 1900 Howard's article. published in the Proceedings 
of the Washington Academy of Sciences, on “ A Contribution to the 
Study of the Insect Fauna of Human Excrement,” further emphasized 
the great danger from the presence of flies in the household, and, as 
the house fly is the most common fly in that locality, designated that 
insect especially as an enemy to health. Work of different observers 
along these lines followed rapidly enough. every vear showing additions 
to the evidence against this common insect, and the campaign against 
it was inaugurated, but it was not until recently that, as significant of 
its habits, and in order to help in this battle, the name of *‘ typhoid 
fly” was suggested and adopted hy entomologists. 

We know that it may carry typhoid germs on its feet. on the hairs 
over its body, and in its alimentary canal and that these germs may 
live and be potent for some time even after having passed through its 
intestine. We know, in view of recent work, that this fly not only 
breeds in horse manure, but also in human excrement and other forms 
of filth, and it is a matter of common observation that this insect 
frequents all kinds of pollution from which it may carry disease gernis 
to human food. You will readily see then, from the description of the 
domestic conditions prevailing amongst the miners on the Tron Range, 
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MiLK Housr, showing the close proximity of a privy which was open to flies. 
The privy is the shed just behind the horse. The horse is standing in the drain 
from milk house, which was being used as a wallowing place for pigs. 


a description not at all exaggerated, that the opportunities for a siege 
of typhoid during the months that this fly is abundant with us are 
most excellent. These conditions were found on the occasion of a 
visit to the range in the early part of last September, the trip being 
taken at the invitation of a member of the state board of health, who 
was anxious to have it made clear just how far the house fly was 
responsible for the epidemic. 

We were told that the flies were more abundant than usual this year, 
the accuracy of which statement is open to doubt, for it is possible that 
observations in two successive seasons were made at different dates, 
flies naturally being more abundant in early September than in July. 
We believe, too, that the prevailing dryness this year may have caused 
the flies to congregate in larger numbers in the mining settlements 
where they found an abundance of moisture and filth as well. In this 
connection it may be said that, in riding over the range in an auto- 
mobile at that time of the year, it was perfectly possible to realize that 
we were approaching a settlement, some time before it came in view 
by the odor wafted to onr nostrils. Now, flies are gifted with a keen 
sense of smell, and it is a perfectly natural supposition that they are 
attracted from quite a distance, just as we were repelled, and that gath- 
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ering in these somewhat circumscribed settlements or “ locations,” they 
gave the impression that they were more numerous this year than last. 
In the sense that their numbers were more concentrated, owing to the 
limitation of moisture—a prime necessity in the life of a fly—this is 
probably true. 

It may be of interest to consider some statistics, showing to what 
enormous niwmbers the descendants of one fly may reach m the course 
of a summer. As most of you are aware, the eggs of a house fly hatch 
in from approximately six to twelve hours, and the maggots issuing 
therefrom reach their full size in from four to seven days. The outer 
layers of their body then harden and turn brown, forming the pu- 
parium, while the parts within become what is known as the pupa. 
The duration of the pupal stage is from five to seven days, at the 
expiration of which time the adult emerges as a perfect fly. The life 
of the house tly then occupies from ten to twelve days, and there may 
be from ten to thirteen or more generations in a summer, depending 
upon the character of the season and on the latitude. Of the length 
of life of the adult we can not speak with certainty, for the only way 
this could be determined is by confining the insects, and when this is 
done, conditions of existence are so unnatural that observations upon 
this point are not reliable. A female house fly which has hibernated 


THE UNXSANITARY CONDITION OF THE REAR END OF A RESTAURANT OFF FROM AN ALLEY. 
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in a dwelling house, or elsewhere, may produce in the spring, at the 


lowest estimate, one hundred and twenty eggs. 


AN ALLEY NEAR THE MAIN STREET OF 


THE Town. 


Assuming that one 
half of these hatch as females, and 
allowing that the breeding goes on 
without check for four months, we 
have as the deseendants of a single 
hibernating individual 214,557,- 
844,320,000,000,000,000 flies. Now, 
a house fly measures exactly one 
fourth of an inch in length; the 
distanee around the earth at the 
equator is said to be 24,800 miles. 
It would take, therefore 3,688,312,- 
000 flies placed end to end to go 
around the world once. Using this 
number as a denominator, and the 
number of flhes produced in four 
months from one mother as anu- 
merator, we find she will give rise, 


in the course of a summer, to 


enough flies to encircle the globe at the equator five thousand times, 
and have plenty of progeny to spare! 
In considering the relation of the house fly to typhoid. the question 


as to how far a fly ean travel may 
suggest itself as an important fae- 
MWececan) not 
speak definitely as to how far a 
house fly can go by its own unaided 
effort. It is evident, however, that 
by making a series of flights this 
insect could eover a considerable 
distance. 


tor, as, indeed, it is. 


Tt does not, however. 
have to depend upon its own pow- 
ers for getting from place to place: 
railroad and street cars, carriages 
and automobiles, provision wagons, 
meat carts, horses, cows and other 
animals all do their part in carry- 
ing this pest free of charge. 
Turning once more to the con- 


VIRGINIA, 


Minx. 


In an out-house in the background the 
excreta from a typhoid patient were de- 
posited. The water in this pond was 
used at that time by some of the neigh- 
hors for washing, 


sideration of conditions on the Iron Range we should naturally expect 
to have found typhoid most rampant among the most filthy of the three 
nations represented. but. strangely enoneh, such was not the case. for 
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the Finns, the most cleanly of all, were the chief sufferers, not the Ital- 
jans nor the Austrians. It is regarded as highly probable that this is 
due to the fact that the Finns lunch frequently during the day on cold 
food constantly exposed on their tables, while the Italians have three 
hot meals, and the Austrians also eat hot, recently cooked food. The 
Austrians and the Italians, I am told, use but little milk, and the Ital- 
ians are great beer drinkers. The Swedes, like the Finns, have the same 
habit of eating cold food, and they, too, suffered from typhoid. 

Ts it any wonder, in view of the proximity of fever, filth and food, 
which T have tried to describe as existing there, and which the pictures 
shortly to be shown on the screen will still further illustrate, that the 
difficulties presented to the state board of health in combating the 
disease are very hard to overcome. I beg leave, however, to again 
remind you that the conditions which are pictured are such as might 
occur in any mining district where education did not have a constantly 
controlling influence. 

I have already spoken of the foul smells emanating from some of 
the camps, and also from some of the locations. We found that in 
one or two of the camps where there was a breeze there were fewer 
flies than in others not so situated. But it should be borne in mind 
that a very few flies, if conditions are right, may be the cause of several 
cases of typhoid in a locality, and, conversely, the presence of hordes 
of flies would not necessarily mean typhoid when other conditions were 
unfavorable for this disease. We visited two or three or more miners’ 
boarding houses where there were either cases of typhoid at the time 
of our visit, or from which typhoid patients had but recently been 
removed. The landlady in practically each case not only took care of 
the patient until he could be given a bed at the hospital, if indeed he 
were fortunate enough to secure entrance there, but also cooked for 
her boarders. Almost invariably in every such ease we found the open 
privy, and windows more or less innocent of screens. At one such place 
visited, the conscientious honsewife pointed proudly to her table, which 
was, with its burden of cold food, covered with netting. as she hastened 
to explain, to show her intelligence in this particnlar, “ Oh yes, we 
always screen our table here.” But here. and in many other similar 
situations, the flies were under the netting, erawling in large numbers 
over crackers, cakes and other so-called catables, which many of these 
people keep on their tables all the time. At a house which contained 
a typhoid sufferer, the privy which received the refuse from the sick 
room was on the bank of a Jake or pond, and this pond furnished 
water for washing to at least one family in the immediate vicinity. 
At one location visited there had been a case of typhoid in a house 
adjoining a dairy where about twelve cows were kept. The doctors 
aecompanying us were known to the people, and one was asked to look 
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AUSTRIAN BEDROOM. 


at the dairyman’s wife, who was “ailing.” He diagnosed the case 
immediately as incipient typhoid, and the milk man, whose milk house, 
by the way, was quite a fly trap, was told that he must take his wife 
immediately to a hospital at Hibbing or elsewhere, or stop doing busi- 
ness. He chose the former alternative. This case is mentioned as 
showing the need of constant, intelligent supervision of these people 
on the part of conscientous experts. Why more of them do not die of 
typhoid, under existing conditions, 1s a wonder! The same kindly 
providence which keeps an intoxicated man from harm must be caring 
for them in their blind ignorance! 

The epidemic of typhoid last summer, at Hibbing, at least, did not 
originate in the water. Nor could we trace the disease along any milk 
route, in spite of the filthy conditions in connection with dairies. It 
is interesting to conjecture at this point just how dangerous it is to eat 
dry food contaminated with typhoic germs from a fly’s body. Moist 
food, of course, so impregnated, would, in the majority of cases, be far 
more dangerous, and of all the moist foods, milk is perhaps one of the 
best culture fluids for these germs. It is not improbable, then, that 
although, by some lucky aceident, typhoid did not originate in the 
dairies themselves, and the milk was brought to the consumer in a 
fairly good condition, it was there, in the house, in many cases, inocu- 
lated by filthy flies, and the numbers of the deadly bacilli tremendously 
increased. 
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Among other circumstances favorable for an epidemic at Hibbing, 
we must not forget to mention the fact that the city sewer, receiving 
the refuse from this town of about 12,000 or more people, empties into 
an open creek not more than half a mile from the city. This creek is 
crossed by two or more bridges, over which delivery wagons pass many 
times a day to outlying towns. We stopped our carriage at one of 
these bridges, and watched the slowly moving filth for a short time, 
noting, upon driving to town, that we brought from that locality many 
flies upon the vehicle we occupied. Multiply this incident by a hun- 
dred and you have an idea of the many daily opportunities presented 
to flies for reaching the various towns in the vicinity. . 

This siege of typhoid had been preceded by one of dysentery earlier 
in the season, but this first appearance of dysentery was directly trace- 
able to the water, for at that time the sterilizing plant had not been 
installed, and men had been working for some time in the shaft from 
which Hibbing got its water supply. I was told by a local physician 
that they could predict, in that town, an epidemic of typhoid after one 
of dysentery—dysentery appearing to make the system especially sus- 
ceptible to the former disease. In this town alone, about the middle 
of May, there were nearly or quite 2,000 cases of dysentery, which 
ceased at once upon the purification of the water; and there was con- 
siderable dysentery present at the time of our vist, without question 
due to fly infection. It differed from the water-caused dysentery in 


A MINERS’ BoarpInGc House 1s Tows, In the summer time mosquito netting is 
thrown over the table, confining large numbers of flies which crawl over the ex- 
posed food. 
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eymptoms and results, being mild, the patient having but little pain 
and nausea, and scarcely any fever, and further, in the latter mentioned 
eases, the patients lost no time from their work. 

We made the statement that this latter epidemic of dysentery was 
due to fly infection. I think we speak advisedly upon this point, and 
can perhaps convinee you that the spread of dysentery can he laid at 


AUSTRIANS, 


the door of the house fly in addition to other serions charges. Dysentery 
is rather a broad term, covering a number of very closely allied intes- 
tinal disorders, all presenting, however, the same general symptoms. 
We are told by physicians that there is no one specific germ of dysentery, 
and that it is apparently caused by an excess in the alimentary canal of 
a number of germs—Bacillus coli is one—found in manure and filth, 
germs normally existing in comparatively small numbers in a healthy 
individual. Now, about two years ago, almost all the inmates of a 
certain institution in Minnesota suddenly developed symptoms of intes- 
tinal disorder, which could be likened to dysentery. This was in the 
cold season, when no flies were present. The trouble was traced unmis- 
takably to drinking water, which was contaminated by the stoppage of 
the sewer from the institution, causing sewage to hack up and enter the 
well. These conditions, T am happy to say, have been rectified long 
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since. We believe, therefore, that the dysentery in Hibbing in July and 
August of the present year was caused by germs of the same character, 
brought by the flies from garbage, manure and other filth to food or 
drinking water. 

This closes our account of conditions existing in this district. 
Suffice it to say that we left that locality impressed with the existence 
of the following significant factors: Exposed foulness of all kinds, 
including pathological excreta, in close proximity to human food; an 
enormous number of flies congregating in towns and settlements, where 
an abundance of moisture and filth was found: absence of screens on 
windows and doors, and dense ignorance and indifference on the part 
of the miners. 

In view of these conditions and the danger present every summer, 
the question as to what is going to be done about it is an important one. 
The difficulties which the state board of health and various city boards 
of health have to contend with have been set forth in the above. Tu 
what has been said we should also add that the foreigners, for the most 
part, have not been used to having medicine donated them in the old 
country, and refuse frequently to use the remedies offered by medical 
representatives. It is evidently a fact also that they are not used there 
to the civic freedom which they find in their new homes: that in the old 
country they were under closer and stricter surveillance, in other 
words, they were “kept in line with a club,” metaphorically speaking. 
These factors, coupled with ignorance, indifference and a false attitude of 
resignation to every ill, are what the physicians of that section have to 
fight. Some of the miners will obtain and use the chloride of lime they 
are directed to apply to typhoid excreta emptied into open vaults; some 
will use it if it is brought to them, but many not only will not purchase 
it, but even if it is furnished them, have to be visited constantly and 
made to use it. This points to one crying need in this matter, namely, 
constant watchfulmess over cases on the part of the city or state 
authorities. In addition, enforcement of municipal laws, increased 
hospital facilities on the part of the mining companies, additional 
sewers, pictorial warnings, or, in other words, illustrated circulars in 
the different languages, which they will read and heed. Preventive 
measures may have to be made compulsory. Each locality may have to 
furnish chloride of lime either at the expense of the city or mining 
companies, and daily official visits made by properly authorized officials 
to affected houses. The women of the higher classes, in defense of 
their own families, if for no more altruistic reason, may have to enter 
the crusade. They could do much among people who either can not or 
will not understand the dangers with which they are beset. 

The cloud is not, however, without the traditional silver lining, and 
there is promise of better things. 
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The range is blessed with remarkably fine schools, in many instances 
housed in elegant and costly buildings, where the children of aliens 
appear to be eager to learn. In addition there are, in at least one town, 
night schools for those adults who have free evenings. These latter, I 
understand, are well patronized, and afford an opportunity, one would 
imagine, for some educational work along these lines. In Hibbing 
additional sewers are promised, construction to begin next spring, as 
well as stricter enforcement of the ordinances regarding the removal of 
manure piles, or the covering of the same. 

In conclusion, let me repeat what was said in the early part of this 
lecture, that it 1s not intended by the above recital to stigmatize any 
town or towns whose names may have been mentioned this evening, for 
conditions very much as described may be found in many other places. 
Circumstances, however, are such on the Iron Range at present as to 
allow the typhoid fly to play a very important part in the lives of the 
miners. 
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WHAT MAKES A COLLEGE? 
By Proressor A. B. WOLFE 


OBERLIN COLLEGE 


He aspects of present educational thought are more striking than 

the persistent and telling criticism it is bringing to bear on the 
American College. The universal demand for efficiency in our national 
life has put the college on trial—and has caught it in a state of un- 
preparedness to make a consistent defense in its own behalf. Presi- 
dents and professors differ among themselves not only in holding widely 
diverse ideas on the difficult questions of college administration, but 
also with regard to the fundamental purpose of the college. but until 
this question is settled, and settled correctly, it is hopeless to look for 
well-founded and certain improvement in college efficiency. A wrong 
conception of the function of the college—an erroneous aim—may rob 
otherwise most idea] educational processes of their value and adapta- 
tion to our real needs. 


The aim of the college must change with changing social needs. 
Failure to recognize this fact and to act upon it with sufficient de- 
cision and promptitude is precisely the reason why the American col- 
leges have been caught napping. ‘They have not kept pace with the 
needs of a nation undergoing an unprecedentedly rapid evolution. 

A glance back at the motives and conditions which led to the es- 
tablishment of most American colleges will make this clear. Most of 
the colleges—those not integral parts of great universities, at any rate 
—were established from religious motives by religious institutions. In 
the great middle west, where the greater portion of the colleges are 
situated, and where religious conviction and moral decency have been 
for decade after decade considered inseparable, the great bulk of the 
people have considered religions education an indispensable foundation 
for “ character,” and character as the be-all and end-all of education. 
“ Character ” has thus been announced everywhere and always the end 
of education, and the task of the college, “ character-building.” Col- 
lege faculties have gone to work at character as if it were an edifice to 
be built up brick by brick, stone by stone, very much In accordance with 
the flowery formulas so often, in the olden days, sounded forth from the 
college oratorical platforms. We now distrust the character and char- 
acter-building formule a little. The terms have had too narrow a 
meaning, have too commonly lacked a rich and concretely significant 
content, to serve as really effective watehwords for the twentieth-cen- 
tury college. They have become, long since, catch phrases, to save us 
the need of reconstruction in edueational thought. We need to set up 


io2 THE POPULAR SCLENCE MONTHLY 


as an end of education something just as fundamental as lies in the 
meat and kernel of these old shibboleths and at the same time more 
specifically and functionally related to modern social life and needs as 
they actually are. We need the classic virtues the moralists of all times 
have loved to dwell upon, but we need much more. We need the trained 
capacity, the knowledge and perspective, to turn these virtues to social 
account, to Jeaven them with a social consciousness, to render them 
effective by social insight. Goodness does not suffice. We demand effi- 
ciency. Meaning well is not enough. We know that hell is paved with 
good intentions, and that too often they are put to that uneconomical 
use through lack of knowledge of this poor earthly earth. We demand, 
therefore, significant knowledge—we will not tolerate the ignorance of 
prudery or the mere pride of erudition. Both these have been baneful 
inflnenees in the college world. Ignorance we shall have to hold to be 
positively immoral, socially unproductive, and sometimes actually 
criminal. We are going to insist upon the productive hfe. We want 
moral valuations as well as economic valuations to be sound, and we 
are on the verge of discovering that we can not have one without the 
other. We want institutions, beliefs, social processes to stand on their 
own merit. Unswerving loyalty to authority no longer suffices. We 
demand rational, responsible, thought-out action. 

3ut the small college, slow to catch the new spirit, or to sense the 
moral growth of the times, sticks to “character” as the ultima thule 
of education. ‘Tucked away in some secluded and protected nook of 
geographical isolation, sequestered in pleasant preserves of philosophical 
individuahsm and theological conservatism, many a small college has 
felt, until comparatively recently, only the eddies of the great stream 
of social and intellectual unrest. While the world is painfully going 
through the throes of the birth of a new Zeitgeist, college faculties have 
been content, not uncommonly, to drone away on philosophies of for- 
gotten epochs—afraid, apparently, to venture into the present lest it 
make dangerous demands upon old faiths—faiths educational and ec- 
clesiastical, faiths economic and moral—faiths tried and true in great 
measure, and in their essence capable of meeting any critical test, but 
not as yet fully subjected to such a trying and purging fire as twentieth- 
century rationalism and scientific opportunism seein to some timid 
souls bound to prove. More than this, to pioneer an institution or a 
constituency mto the undiscovered future means work, calls for excep- 
tional foresight and cireumspection, vigor of purpose, openness of mind, 
and strength to drag along those who, through fear or inertia, lag be- 
hind. ‘To think along new lines, to cast overboard old habits of thought, 
to acquire new viewpoints, is a painful process; no mind likes to be 
remade; few have the power to kcep themselves continuously in repair 
and in tune with the times. Yet these are the capacities essential to 
college presidents and to college teachers. 
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Another feature of the history of the small college explains its 
partial failure to respond promptly and effectively to the new needs of 
the time. Most colleges were originally not only religious but also 
denominational institutions, founded primarily to give “ proper ” edu- 
cation to men who were going into the ministry of the respective sects. 
In the early days sectarianism was assiduously inculcated, but as time 
wore on its outward trappings were discarded. The colleges, for all 
their shortcomings, had a mighty end in view. They believed in the 
moral life and they perceived that a liberal culture was a necessity for 
the leaders of that Christian morality they hoped, through church and 
school, to make universal. But their conceptions of morality, of the 
Christian life, and of culture were all often somewhat narrow, and 
nearly always lacked that element of adaptability to meet new social 
and moral issues which must now be counted an essential of true, con- 
structive, productive, morality. It is not for us to blame them for this. 
We have rather to seek an explanation of the fact, and to point out how 
it crippled their efficiency and finally helped to bring them to the bar 
of critical judgment. 

A certain narrowness of horizon cooperated with a deplorable lack 
of financial resources. Their limited horizon kept the colleges from 
seeing just how seriously lack of funds impaired efficiency, and con- 
versely their limited resources narrowed their horizon. Both the 
theory and the practise of education were narrow because the colleges 
did not conceive an aim at the same time broadly fundamental and 
intimately and directly related to the specific needs of our national life. 
Moreover, they did not early enough begin vigorous efforts to get re- 
sources adequate to the demands of a broad culture. Their aim was 
intense often to the point of fanaticism, but it lacked breadth and 
adaptability to the actual facts of human nature and of social life. 
The restricted horizon of the colleges was, of course, to no small extent, 
due to the nature of the general moral and social environment of the 
society in which they were located. Like the society about them, and 
from which their students came, they proceeded on the assumption that 
morality is merely a matter of goodness. In spite of their “mental dis- 
cipline” and “ cultural studies ” they came dangerously near to divorc- 
ing morality from intellect. In effect many colleges still take prac- 
tically this position. They have not yet arrived at a social-efficiency or 
social-productivity theory of morality. Primarily the persistent, tra- 
ditional view reflects the strict, non-adaptive tenets of old-time ortho- 
doxy, in which the key note to the highest morality is surrender of the 
will and obedience to authority. Such a view glorified discipleship. It 
allowed reason and self-direction to go so far; then it demanded that 
loyalty to personal authority step in. Something of the inherent selfish- 
ness of medieval orthodoxy ate through our educational system. Rules 
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were set up on every hand for student guidance—so many of them that 
we of these unregenerate days can only pause and marvel. Some 
hampering relics of these elaborate systems of legislation remain, and 
in a few women’s colleges and coeducational institutions innumerable 
rules are still imposed upon the women, even where the men are prac- 
tically without regulation, and where there is much talk of education 
as a training in the power of self-direction. The aim of it was and is 
moral discipline. It was discipline—no doubt of that—but whether it 
was training in self-direction is doubtful. We do not learn to swim by 
being kept away from the water. Trained in a negative morality, a 
morality of shibboleths, a morality of restraint, it is not strange that 
many of the graduates of these older days have to-day inadequate ideas 
of what American society must demand from its educated men and 
women. 

Mora] discipline was matched by mental discipline. Certain sub- 
jects were thought peculiarly adapted to mind training. Of course 
these were the classics, mathematics and philosophy. Then science, 
with difficulty, got a foothold in the curriculum, and eventually large 
sums were spent in the equipment of laboratories. For a long time, 
however, there was more or less scorn of material equipment, unless in 
the shape of ornate buildings useful not only for academic purposes, but 
for advertising as well. Even the physical sciences did not have a uni- 
versally cordial welcome. For many years the biological sciences were 
viewed askance; and the modern sciences of society had to creep in sur- 
reptitiously and apologetically through the side door of philosophy. 
Mark Hopkins and his log were a sadly overworked simile. From the 
first, the weak point in the theory of collegiate education was the idea 
of compulsory morality, and the corollary notion that intellectuality 
along broad lines of advancing scholarship was in some ways a danger- 
ous luxury. Not infrequently, even now, do we hear scornful mention 
of “mere scholarship”—and this not from cub undergraduates, but 
from seasoned professors who should know better. Intellectual ca- 
pacity in a student is not infrequently thought a matter secondary to 
his belief in the virgin birth of Christ or the regularity with which he 
attends church. In the professor scholarship is too often deemed of 
less importance than his ability to “influence ” students through per- 
sonal contact. Many a thoughtful person, observing small college 
ideals from the inside, is coming to believe that they give too large a 
place to personal loyalty and personal influence and too little to ra- 
tional scholarship. Here we are close to the great and vital short- 
coming of the American small college. It has not duly recognized the 
moral value of intellect and scholarship; it has not furnished its pro- 
fessors with sufficient means or stimuli for scholarship on their own 
behalf, nor has it insisted upon anything but the veriest mediocrity of 
attainment on the part of its students. Not recognizing the value of 
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high scholarship in social service, it has not looked after the character 
and effectiveness of its resources from the point of view of changing 
social needs. 

No one will deny for a moment that the colleges have rendered in- 
dispensable service to the country in spite of their lack of resources 
and of their point of view with regard to scholarship—some indeed will 
say because of it. It is time, however, that every institution of higher 
learning should eschew the old notion of compulsory morality and of 
the paramount desirability of personal influence irrespective of rhyme 
or reason. Other things being equal, the man of the greatest intel- 
leetual equipment will be the most moral man because in the long run 
he will be most effective in advancing the social welfare. The chances 
are that he will have just as much desire to do good as his less well- 
equipped brother; and he will have in addition the very essential ca- 
pacity of directing his forces to the good end he desires to accomplish. 
The small colleges have worked faithfully to make other things equal, 
but only in the universities and in the larger colleges is there yet much 
true insight into the social value of genuine scholarship, or sufficient 
recognition that morality and knowledge go hand in hand. If the uni- 
versities have erred in one direction—letting “ mora] discipline” go by 
the board—the colleges have erred in the other. What the colleges have 
now more explicitly to recognize is that the world to-day needs men and 
women whose good intentions, whose Christian “character,” are 
directed and made effective by scientific knowledge of things as they are, 
by hardheaded capacity and courage to think, by energy to act rationally 
and with sympathetic understanding, even in the face of complex diffi- 
culties and unkindly criticism; and that it is the business of the col- 
lege to develop the potentialities of such capacity. 

To develop these basie powers we must have the right processes, and, 
back of the process, sufficient resources, for without resources the edu- 
cation needful to-day is an impossibility. The educational resources of 
the college are its material equipment, its students, and its faculty— 
and the greatest of these is the faculty. When all is said, the faculty 
makes the college—and scholarship makes the faculty. But even now 
the colleges recognize this but vaguely, and with some reluctance, per- 
haps because the men the universities have supplied to them as teachers 
have had often a sort of non-human, pseudo-scholarship of useless eru- 
dition, rather than the real scholarship and the real enthusiasms of 
men and women who not only know their own subjects passably well, 
but are deeply enough interested in human life to wish their work to 
have some direct and tangible relation to it. Given a faculty with gen- 
uine scholarship of this kind, with a reasonable average of experience 
in teaching and acquaintance with educational theory, with a con- 
sciousness of the problems of the college in its relation to the educa- 
tional needs of a democracy undergoing the strains of growth and 
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transition and with the morality of the average educated man or 
woman, and you have the great, prime essential of a college. Without 
such a faculty, all the fine buildings, all the magnitude, all the alumni 
associations and other institutional paraphernalia in the world are dross 
and tinsel. 

It is a popular saying in the colleges that the business of the college 
professor is to teach. Often this carries the implication that a man can 
be an ideal teacher and not be doing some original work in his own 
particular field. No educational fallacy ever did more mischief than 
this. Different ideals of work and purpose must no doubt govern the 
college professor and the university research professor, but in the long 
Tun it goes without saying that even the college professor will teach 
better if he has some time for what the universities call productive 
work. It is an error to suppose that a man can teach a subject without 
knowing it; and it seems self-evident that his knowledge will be more 
thorough and more effectively interesting to his students if he himself is 
trying, in however modest a way, to advance human knowledge within 
his subject. The man of fine, keen scholarship in his own line, who 
tries to see the relation of his subject to life as a whole, will develop in 
the long run not only the strongest intellectual capacity, but also the 
strongest and most desirably influential personality. Moreover, he will 
ordinarily be scrupulous in the use of his influence. A scathing criti- 
eism might be made of the practise of some college professors who seek 
by their own personal hold on a student to close his mind once for all 
to ideas contrary to those they themselves happen to entertain. The net 
result of such influence is too often an arrested development of the stu- 
dent’s mind before it has had a fair chance to open. 

Why now do the universities possess so many men of fine scholarship 
and the great personality that so often goes with it, while the colleges 
show comparatively so few? Some will deny the truth of this allega- 
tion, but no denial can really stand against the fact that the greatest 
teachers of the country are nearly always to be found in its universities. 
The colleges can not ordinarily hold their best men permanently and 
there are two valid reasons why they can not do so—lack of money, and 
lack of stimuli. It takes stimulating surroundings to develop a scholar. 
The university affords the stimulus to productive scholarship which the 
college lacks. The stimulus offered by the college is usually “ the oppor- 
tunity one has here to influence young men and women through per- 
sonal character.” Now it must be admitted that this is an effective 
appeal, very often, but how much more effective is it when it adds the 
epportunity of influence through solid, vital scholarship! The uni- 
versities draft away the men the colleges need most—those who com- 
bine large scholarship with fine personality—because these men tire of 
the restricted horizon of life in a small college town, and because they 
perceive that they must have larger opportunities for growth and con- 
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tact with the great world, if their usefulness is not in some degree to 
atrophy or ossify. College teachers are not, as a rule, clamoring for 
larger salaries because they love the dollar for its own sake, but because 
they recognize that financial resources are the bed rock of their own 
efficiency. Most of the captious criticism of the college by business men 
falls by the way because they expect a professor on a salary of $2,500 to 
vield a grade of service the business world considers itself lucky to get 
at $25,000. It is often said that the best men do not go into teaching 
because salaries are so low. This puts the cart before the horse. Not 
only would doubling the salaries paid by small colleges bring in a 
higher average of ability, but no reasonable doubt can exist that it 
would result in a marked increase in the efficiency of present instructors 
and professors. The most promising personal ability may yield disap- 
pointingly small results by reason of insufficient material support and 
absence of the proper incitement. If there is one fault preeminently 
true of the modern small college professor, east or west, it is lack of 
knowledge of the rea] world of to-day, lack of stimulating contact with 
men and leaders in other walks of life. The college teacher’s time is 
spent largely in contact with immature personalities, very interesting 
generally, very stimulating sometimes, but nevertheless immature. 
This is perhaps one reason why whole faculties come momentarily to 
lack true perspective on moral and intellectual values. It is one reason, 
also, why we are sometimes slow to sense the nation’s real educational 
needs and continue to insist upon antiquated disciplines and outworn 
curricula. It is the exceptional college teacher who has time to pause 
in his work and ask himself, “ What am I here for?” 

The faculty then makes the college and scholarship makes the fac- 
ulty. This granted as substantially true, there is but one sure way of 
getting a scholarly faculty. Pay salaries large enough to call forth, to 
develop, and to retain ability. The average young doctor of philosophy 
can with propriety hardly be called an educated man, in a broad sense 
of the term. He lacks breadth of reading, travel, the stimulating and 
mellow fellowship of men in callings other than his own; he has not 
done a tremendous amount of thinking nor has he thought very deeply 
or broadly; he lacks, in short, the schooling of a rich and assimilated 
experience. The maturity, breadth of horizon and catholicity which 
should characterize the college professor, wherever found, are too often 
lacking. Jf the young doctor goes into a college, often removed from 
the real intellectual centers, from adequate libraries, from the main 
currents of contemporary thought and interest, he is in a fair way to 
remain for some time essentially immature, and then to undergo prema- 
ture ossification. The small colleges of the past have sought primarily 
to recruit their faculties with men of “ personality and character.” If 
of late they have put somewhat more emphasis on scholarly attain- 
ments, still inability to pay good salaries has necessitated reliance upon 
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graduate loyalty to the college in securing new instructors and pro- 
fessors. The result has been an undue proportion of their own alumni 
on faculties. Inbreeding in college faculties is as disastrous as it is 
elsewhere. The colleges are doomed to continued inefficiency unless 
salaries are increased a great deal more than most boards of trustees now 
have in mind. The college professor does not need to live in style, but 
he needs money just as much as many who do so live—he needs it for 
actual professional efficiency. 

Not only does lack of funds hamper a college in securing a scholarly 
faculty; it means also more or less deficiency in the material equipment 
the faculty has to work with. Even Mark Hopkins had his log! 
Trustees, it is true, are too frequently dazzled by architects’ plans and 
devote money to the erection of buildings which would better have gone 
to the building up of the faculty, but often, on the other hand, little 
attempt is made to furnish material equipment to teachers and de- 
partments so that they can do their work with a minimum drain of 
energy in routine and clerical work, and improve the actual effective- 
ness of their teaching. The science, language and mathematics de- 
partments usually fare the best, because they have established a vested 
interest in small classes and adequate (?) teaching force, and an 
elaborate material equipment of laboratory apparatus. The departments 
whose only laboratory is the library fare badly. It is comparatively 
easy to get donors to give for buildings but difficult to get money for 
salaries or books—which are the real brary. A good library should be 
able to provide ample reading, reference and working material for all 
undergraduate demands, and in addition should spend a great deal of 
money upon journals and reviews, foreign works and reports of learned 
societies which never meet the undergraduate eye, but which neverthe- 
Jess keep the teacher alive in his subject. How far most college libra- 
ries fall short of even the minimum requirement will be apparent to 
any one who looks up the statistics of American college libraries. 

Lack of funds, then, hampers the development of that large, broad 
and Inman scholarship we need, not only becanse college poverty means 
low salaries, but because it means too few teachers, too wide a range of 
subjects for the same instructor to teach, too many hours a week of 
class-room work, too little time for original research and original think- 
ing. “ Out of hurry nothing noble ever did or can emerge,” says a re- 
cent writer. Hurried on one side by too much work to do, hampered, 
on the other, by a disastrous deficieney in Hbrary funds and material 
cquipment, it is small wonder that the teaching of many a professor Is 
cometimes mechanical and far removed from the actualities of life. 

Ilere lies the great field for constructive administration. In so far 
as mentors of the college are planning devices for mechanically improv- 
ing student scholarship throngh prizes and distinctions and the like, or 
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are worrying about petty non-economies in routine administration, they 
are not getting down to essentials. They are rather distorting our 
perspective and confusing issues and values. We must demand more 
serious scholarship on the part of our students. And there is no surer 
way of getting it than to have more of it ourselves. We wish our stu- 
dents to develop true moral perspective. Again, there is no surer way 
for them to acquire it than to come into intellectual contact with men 
and women who have it. We get breadth of view only by widening the 
windows of the mind, not by crystal-gazing, however clear our erystal 
may be. The world needs to-day as much as ever it did a far-sighted, 
intelligent, self-directive morality. Never before, perhaps, have college 
faculties so needed capacity intelligently to weigh values, economic, 
political, social, moral, religious. Never before have they so needed 
actual contact with the world, needed to take personal part in the social, 
economic and political conflicts that are certainly determining now, 
over again, whether the country, this time both north and south, shall 
be free or slave, oligarchy or true democracy. The colleges have been 
able to forget, they have revolved about in a beautiful utopian individ- 
ualism of class culture and personal salvation until the universities, the 
trade unions, the socialistic propaganda, the muck-raking magazines 
and even the yellow journals have called it to their attention—they 
have been able to forget that humanity crucified on a reckless indus- 
trialism is as tragic a thing as Christ crucified on the cross. We must 
have pragmatism of service to balance pragmatism of truth. In both 
cases that is worth while which works. Personality is much, loyalty and 
integrity are much, but neither personality, nor integrity, nor broad 
loyalty, can develop properly in the absence of capacity to see all the ele- 
ments of modern life in something like their true values, amid the 
shifting lights of a rapid and complex evolution. True scholarship 
would help to develop this capacity. It would bring us nearer to seeing 
life clearly and seeing it whole—and truthfully. 

The faculty makes the college. Scholarship and experience make 
the faculty. But scholarship and experience depend in the long run 
upon wealth and income. They have their material basis in the dollar. 
Even in education we can not escape the economic foundations of his- 
tory. The American public can have just as good colleges as it is will- 
ing to pay for; and if it is willing to pay reasonably for efficient service 
here, as it pays lavishly elsewhere, it will find that nowhere else does a 
dollar purchase so much real utility. The public is abundantly able to 
pay for better colleges. It simply has not realized that the develop- 
ment and maintenance of ability costs money; nor has it yet a suffi- 
ciently high ideal of what the college should be and do. Least of all 
have many of the colleges themselves the right idea of what makes a 
real college. 
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THE UNIVERSITY IN POLITICS 


By Proressor T. D. A. COCKERELL 


UNIVERSITY OF COLORADO 


EEKING to define the functions of a university in a few words, I 
have thought that we might say: the purpose of a university ts to 
conserve useful truth and to add to it. It should be in some sort the 
axis of our intellectual and moral growth, whence proceed the flowers 
and fruits of achievement. This is, of course, claiming a great deal for 
the institution, but it must be remembered that currents flow both ways, 
and the so-called product of the university is really the outcome of all 
human progress. Perhaps a homely illustration may serve our purpose. 
On pleasant evenings one may see the inhabitants of suburban districts 
engaged in watering their gardens. Superficially, they seem to hold in 
their hands useful little machines, from which, by a light pressure of 
the fingers, they are able to project sprays of water, strong or weak, 
straight or spreading, at their pleasure. Now we know that the water 
comes from a great reservoir, and the amateur gardeners have nothing 
to do with its origin or the force with which it escapes from their pipes, 
beyond, indeed, contributing their share of the water-rates. Neverthe- 
less, from the standpoint of practical gardening, a mere deluge of water, 
unguided in its application, would be worse than useless; consequently 
the pipe, the nozzle and the gardener are essential factors for any kind 
of success. The university would be nothing without the great reservoir 
of accumulated human knowledge and experience. From this it draws 
its material and its energy, and yet not altogether so, for its own mem- 
bers, day by day, contribute intellectual capital. Literally construed, 
our analogy of the gardener probably breaks down in every case, because 
there is something creative in all human activity, though it may be, and 
perhaps usually is, reduced to a negligible quantity. Broadly speaking, 
however, the resemblance is sufficient for the purposes of argument. 
The university is, as it were, a nozzle through which flows, under the 
influence of human volition, the directed and organized output of man’s 
mental activity. In the case of the gardener, very much—in one sense 
everything—depends upon his judgment, his ability to direct the water 
where it is needed, and in the best manner. It is even so with us. I 
have in the definition above not said merely that the university is to 
conserve truth, but useful truth. An intensely selective process is im- 
plied, and for this the power of judgment. Thus another definition is 
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equally valid: the purpose of the university is to cultivate judgment. 
The untrained individual will carelessly neglect, wantonly throw away, 
the most precious things because he is deficient in this quality. Wuith- 
out judgment it is impossible to conserve and add to useful truth, from 
sheer inability to distinguish what is useful. What is the criterion of 
utility ? Simply the common sense one, a useful truth is one which will 
serve some purpose, one which has pragmatic ability. We may go 
deeper than that, however. What purpose can truth serve? Obviously 
to join with other truth in a system of ideas. There is, as it were, a 
sociology of thought, a cooperative commonwealth of the mind, not un- 
like that exhibited by human society, and strictly parallel with it in 
development. Now in society, where all may share in the fruits of the 
intellect of the few, numbers and variety are necessary ; so is it also with 
the mind, and thus judgment is not an esoteric ability conferred at 
random on pensive souls, but is dependent for its very livelihood on 
sufficient and diverse knowledge. 

According to the description we have given of university functions, 
it must be apparent that the relation between foci of learning and 
public affairs is fundamental. Knowledge and judgment are the very 
qualities which necessarily determine the success of a politician in any 
broad and lasting sense. A successful public man is one who efficiently 
serves public ends; no other definition is possible, although, according to 
it, some current motions of success may be reversed. Many there are who 
unquestionably are successful, and likewise are public men; so there 
are great fools who are also men, but we do not call them great men. I 
think we may say without contradiction that the things the university 
stands for are precisely those most valuable in genuine politics, as 
distinguished from the mere struggle between predatory interests. 

Here it will occur to many that academic bodies are somewhat arro- 
gant, in the face of the fact that so much good knowledge and admirable 
judgment has resided and does reside in persons who have never been 
subjected to college influences. Such criticism is justly directed against 
claims occasionally made, but broadly speaking it has no foundation. 
The university is an intellectual focus, just as the church is a religious 
one, and from each the light spreads in all directions. It is not possible 
to say Just where either begins or ceases. Legally, it is true, the univer- 
sity is a definite corporation, with particular precisely indicated mem- 
bers. Spiritually, intellectually, it is nothing more than the nucleus of 
an intellectual nebula; which nebula, in fact, is world wide, with as 
many nuclei as there are centers of learning, whether represented by 
buildings and charters or not. Thus to be a citizen of the university is 
ipso facto to be a citizen of the world, and the custom prevalent in some 
European countries of addressing all co-workers in one’s subject as 
“ dear colleague” is abundantly justified. So the university need not 
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be ashamed to make large claims, always provided that it is really a 
place of intellectual and moral activity, and not a mental vacuum con- 
cealed by handsome buildings. 

Many, substantially agreeing with what has been said, will declare 
that the university should not be in politics, because it cultivates knowl- 
edge and judgment, for others to apply. It is also often said that uni- 
versity professors are not practical men of affairs, being absorbed in 
their studies, while the world goes by unheeded. ‘Taking the last state- 
ment first, we must confess that there is something in it. It is possible 
for a specialist to be doing splendid work, of the greatest advantage to 
mankind, without having any clear idea of the ultimate application of 
his discoveries, much less those in other fields. On the other hand 
eminent specialists are sometimes distinguished, like Huxley and Vir- 
chow, for their broad grasp of social questions and great services as 
publicists. Aside from these considerations, however, is the fact that 
the university is in a sense an intellectual baby-farm, and the infant 
ideas nourished there are many of them not yet ready to go out in the 
world and do their day’s work. It is about as just to complain of the 
inutility of new truths as it would be to blame mothers of young 
children in time of war, because of failure to contribute members to the 
army. 

There is, however, one quality of great public value in which 
scientific men are admittedly as preeminent as the majority of present- 
day politicians are deficient. This is the power, or the habit, of forming 
so-called impartial judgments, that is, judgments based on the available 
evidence, not dictated by partisan or personal desires. We are only just 
beginning to realize that men of this class will be widely useful in the 
guidance of the ship of state, bringing about the transformation of 
much that is undesirable in the life of this nation. It is not expected 
that every scientific man will offer opinions on every subject; precisely 
because he has the quality referred to he will refuse to do this; but when 
he feels competent to express an opinion, after due research, it will be 
worth more in the consideration of the tariff, the treatment of the 
Filipinos, or the question of railroad regulation, than that of any po- 
litical boss who ever lived. This opinion will not be impartial, in the 
sense of being colorless rarely will the expert desire or contrive to sit 
gracefully on the fence, but it will bring to a focus the best results of 
human thought as applied to the matter in hand. Against all this will be 
cited the well-known saying that “doctors disagree.” You ean find an 
“expert,” people say, to declare anything. It is true that on many 
important scientific questions eminent workers differ greatly, but when 
this is the case, those questions are considered still open for discussion. 
Jt is one of the merits of science, as against partisan politics, that she 
does not feel obliged to decide everything as thongh by infallible judg- 
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ment. Many things are still in the experimental stage. It should be 
stated, however, that most of the alleged experts who muddle the public 
mind are partly or wholly pseudoscientific. A very small amount of 
inquiry among the citizens of the real republic of science would demon- 
strate this to any one. 

Thus, I think the members of any university faculty should be “in 
politics ” to the extent of being ready and anxious to help wherever they 
ean, to come forward and fight for what they believe to be true and wise. 
They should also, it is almost superfluous to say, stand always for the 
moral and decent thing. On the other hand, speaking for myself, I do 
not see how any man with scientific training can be a strictly “ regular ”’ 
member of any political party. In some particular controversy, he may 
be wholly on one side, but in the long run, orthodox party service 
deprives him of that freedom of judgment and action which he deems 
so essential. Fortunately, everything indicates the breaking up of the 
old rigid lines; not, I believe, so much to form new ones along fresh 
directions of cleavage, as to allow greater freedom for the products of 
honest thought. ‘Thus the initiative and referendum, by compelling 
people to form judgments on particular questions, will prove well worth 
the expense and sometimes inconvenience they may occasion. 

What about the student body in politics? Its members are young 
and relatively inexperienced, but they are, we hope, to be the politicians 
of the future. They ought, at any rate, to be in training for public 
service. Probably the greatest criticism that future generations will 
make on our present educational system is this, that thought and deed 
are too far apart; so far, often, that the deed never follows. Every one 
deplores the lack of earnest purpose shown by so many university stu- 
dents, and many attribute it to an absolute deficiency in the individuals 
concerned. Much of it, I fancy, is due to nothing more than lack of 
opportunity to do things; an opinion confirmed in part by the extraor- 
dinary activity shown from time to time in foolish undertakings, and 
in part by the excellent record in life of many men who were never 
considered very able in college. It is in many ways a difficult situation, 
yet I confess I should be willing to see our students more active in 
public affairs, more like those men of the universities who have always 
taken prominent parts in political crises in Germany. To some extent 
the faults of immaturity are offset by the fresh and generous attitude of 
one who goes to battle unwounded and unafraid. I remember how a 
certain writer once rejoiced that he had, when a young man, written a 
book. It was bold to the point of error, he would not, could not, write 
so now—but, after all, it had a precious quality he could never again 
approach. 

The internal activities of the university afford scope for a good deal 
of political talent, but unfortunately their purposes are often petty, and 
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their conduct sometimes reflects all too well the method prevalent in 
“real” politics outside. Here again, no doubt conditions are improv- 
ing, and the time may come when even the most insignificant matters 
afford scope for the development of habits and points of view of the 
utmost moment. We have also the civic clubs, really entering into the 
national arena to some extent, and already doing valuable public service. 
In all of this, we shall reap approximately what we sow. If, in 
some countries learning and possibly virtue are more highly esteemed 
than in our own, it is the work of those who have stood for learning and 
virtue, year after year, month by month, day by day. These things will 
not come without conscious and long-continued effort. I feel that in our 
anxiety for material support, we sometimes forget the essential things. 
It is good to have money, it is delightful to see a large and growing 
student body, but whatever comes of it, let us always refuse to sell our 
birthright for even the largest, most attractive mess of pottage. 
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THE CLASSIFICATION OF THE SCIENCES 


By Dr. IRA WOODS HOWERTH 


THE UNIVERSITY OF CHICAGO 


dies sciences are divided by Spencer, Karl Pearson and others into 
two great groups, the abstract sciences and the concrete sciences. 
The abstract sciences are those which deal with the modes under which 
the phenomenal world is perceived. They have to do entirely with the 
“relations of co-existence and sequence in their general or special 
forms.” ? Mathematics and logic are the two main branches of this 
division of the sciences. 

It has been suggested by Comte, and insisted upon by Professor 
Lester F. Ward,? that mathematics and logic are not true sciences, but 
merely “ forms” or conditions of science and aids to its study. We 
need not here concern ourselves with this question. Our interest is 
rather in the classification of those sciences which deal with phenomena 
themselves rather than with the modes under which they are perceived, 
that is, the concrete sciences. 

The classification of the concrete sciences may proceed, of course, 
from any one of a number of bases, as the chronological order of their 
development, their logical relationships, the evolution of their subject 
matter, ete. Bacon’s classification is based upon three assumed faculties 
of our understanding—memory, imagination and reason; and Comte’s 
classification rests upon the order in which the subject matter of the 
various sciences has been evolved. The latter is the basis of the classi- 
fication we are about to propose. 

The first consideration, then, must be the order in which the great 
natural groups of phenomena have manifested themselves in creation, 
that is, in the great evolutionary process. 

Eyolution has been described as that view of the universe which 
assumes that a vast, uniform, uninterrupted process of development 
obtains throughout all nature; and that all natural phenomena without 
exception, from the motions of the heavenly bodies and the fall of a 
rolling stone to the growth of plants and the consciousness of men, 
obey one and the same great law of causation. Science, to be sure, has 

* Spencer, ‘‘The Classification of the Sciences,’’ ‘‘Essays,’’ Vol. IIT., p. 10. 

*See Ward, ‘‘Dynamie Sociology,’’ Vol. I., p. 106; also ‘‘ Applied Sociol- 
ogy,’’ p. 306. 


* Haeckel, ‘‘Freedom in Science and Teaching,’’ Chap. I, (Humboldt edi- 
tion, p. 10). 
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not yet closed up to the satisfaction of all the gaps in this process, but 
its “uninterrupted ” character will hardly be denied by any one to 
whom this discussion will be of interest. We may assume that the 
principles of uniformity and continuity in evolution have been estab- 
lished. 

Now the general process of evolution may be roughly divided into 
cosmic, organic and social; and it will not be denied that organic evolu- 
tion has sueceeded cosmic, and social evolution, organic. There are 
here presented, then, three great classes of phenomena in their genetic 
order; and not only that, but also three great divisions of the forces 
which occasion these phenomena, and three groups of sciences of which 
these phenomena are the subject matter. We shall now proceed to 
analyze the forces which produce these three kinds of evolution. 

Cosmic, or inorganic, evolution involves three kinds of changes— 
atomic, molecular and molar. There are accordingly in this department 
of evolution three sets of causes. These causes are forces to which we 
may ascribe the names atomic, molecular and molar. Changes which 
take place in the organic process are vital and mental; or, as we prefer 
to call them and the forces which give rise to them, biotic and psychic. 
The biotic forces are those which occasion the phenomena of hfe, and 
the psychic forces those which occasion the phenomena of mind. 
Finally, the phenomena of the social world must owe their causal re- 
lationships to forces which may be grouped under the general term 
social. We have, then, the forces of the phenomenal world analyzed 
into the atomic, the molecular, the molar, the biotic, the psychic, and 
the social forces. 

It is important to observe that these various kinds of forces are not 
coeval, but have been successively brought into existence by the process 
described by Professor Ward‘ as synergy. As a beginning of the evolu- 
tionary process, we may assume atomic attraction and repulsion, atomic 
collision, elective affinities—that is, atomic forces, and atomic forces 
only. Other forces had no existence in nature except as potency. It 
seems obvious enough that there could be no molecular forces until 
the molecule was built up, no molar forces until molecules were combined 
in masses, no biotic or vital forces until living matter was brought into 
existence, no psychic forces until mind appeared, and no social forces 
until the formation of the social group. Thus the various realms of 
forces here suggested are coeval and co-extensive with an equal number 
of great and well-defined fields of phenomena. No phenomena without 
change, no change without force. To these fields of phenomena we may 
now turn our attention. 

To the changes of phenomena occasioned by atomic forces the name 
chemical is applied. Chemica] change, so the books say, is one which 


*See Ward, ‘‘Pure Sociology,’’ p. 171 et seq. 
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does not destroy the specific identity of a substance. To a change 
which does destroy this specific identity we apply the term physical. 
This is, of course, a narrow use of the term, but it is in accordance with 
past usage. Chemical phenomena are, then, the phenomena produced 
by chemical forces, and physical changes are those produced by molec- 
ular and molar forces. Chemical phenomena are first in order of time. 
“In the beginning” were atoms, atomic forces, atomic changes, 
chemism. 

The second order of phenomena are the physical. They include the 
movements of molecules and masses from the invisible compounds of 
atoms to the great aggregates of matter in suns and stars. They are 
the natural outgrowth of chemical changes. Cooperating with the 
chemical forces the physical produced organic matter, protoplasm, and 
thus initiated the third great natural group of phenomena, the bio- 
logical. Biological phenomena, which are the manifestation of the 
biotic forces, include, of course, the whole range of phenomena between 
inorganic nature and the origination of mind. Mind, we must assume, 
was also the creation of the preexisting forces, and the manifestations of 
mind, or psychic phenomena, constituted the fourth great division of 
phenomena. Finally, beginning with the origin of social groups, we 
have the constantly extending field of phenomena known as social, a 
direct manifestation of the social forces. 

We have now presented a classification of forces and phenomena 
based on their genetic relationships. This, it will be observed, is equiv- 
alent to the classification of possible knowledge concerning concrete 
phenomena. It is thus a classification of the sciences. For a science is 
a study, or the classified knowledge resulting from the study, of a 
definite field of phenomena occurring in natural sequence as a result of 
a particular set of forces. Our classification of forces and of phenomena 
in their genetic order is, then, in reality a serial or genetic classification 
of the subject matter of the sciences. “ Sciences,” says Ward, “in so 
far as they can be grouped at all, simply represent the natural groups 
of phenomena, and to determine the natural order in which phenomena 
are related to one another as indicated by their respective antecedence 
and sequence in the march of evolving forces, is to determine the 
natural order in which the sciences stand to one another.”® The re- 
spective fields of forces and phenomena as already classified, then, imply 
corresponding sciences. There are five such fields, namely, chemical, 
physical, biological, psychological and sociological. Hence there are five 
great sciences: chemistry, physics, biology, psychology and sociology; 
and unless phenomena do not arise in the order stated above, this is a 
classification of the sciences which implies their genetic relationships 
and their relations of dependence. It is the order, too, of increasing 
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complexity. The phenomena and forces of each science appear in all the 
sciences which succeed, but not in those which precede, it in the scale. 
Each science is thus engaged in the study of a new set of forces and 
phenomena. The order of the sciences here stated is, therefore, the 
order of increasing complexity and diminishing generality. 

The foregoing classifications of the evolutionary process, forces, phe- 
nomena and sciences may be resumed in the following table: 


Eyotition Forces | Phenomena | Sciences 
Atomic Chemical Chemistry 
Cosmic Molecular Physics 
Molar Physical 
Oneanie Biotic Biological Biology 
8 Psychic Psychological Psychology 
Social Social Sociological Sociology 


It is not necessary to contend or assert that the forces of the various 
fields of phenomena, and the consequent extent of the respective sci- 
ences are, or ever can be, as sharply defined as the foregoing discussion 
might seem to indicate. The possible overlapping of the fields of phe- 
nomena and the corresponding sciences should be indicated in the table 
by an arrangement of braces connecting them. 

Chemistry, physics, biology, psychology and sociology are, then, the 
five great divisions in a comprehensive classification of the sciences. 
They are the five great stems or branches out of which all the other 
and more special sciences necessarily develop. There is no true science 
which may not be subsumed under one or the other of these general 
sciences. 

Let us now compare the foregoing classification of the sciences with 
others, particularly those of Comte and Spencer. Comie’s well-known 
“hierarchy” of the sciences includes the following: mathematics, 
astronomy, physics, chemistry, biology and sociology. Spencer in- 
cludes in the concrete sciences astronomy, geology, biology, psychology, 
sociology and ethics. As already observed, Comte indicated a belief 
that mathematics is not a true science. It should also be noticed that 
he gave to biology a wider meaning than is ordinarily ascribed to it. 
He included what he called “ transcendental biology,” by which we may 
understand cerebral biology or psychology. He also, in his later writ- 
ings, made ethics the final term of the series. His classification needs 
to be rearranged before a comparison is made. This rearrangement has 
been made by Professor Ward in a comparison of the classifications of 
Comte and Spencer. For convenience in comparison, we shall place the 
classification of Comte, Spencer and the one proposed in parallel 
columns: 
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Comte’s Classification Spencer’s Classification Proposed Classification 
1, Astronomy 1, Astronomy 1. Chemistry 
2. Physics 2. Geology 2, Physics 
3. Chemistry 3. Biology 3. Biology 
4. Biology 4. Psychology 4. Psychology 
5. Cerebral biology 5. Sociology 5. Sociology 
6. Sociology 6. Ethics 
7. Ethics 


It will be observed that beginning with biology all three classifica- 
tions are the same, with the exception that Comte and Spencer include 
ethics as a science coordinate with others of the group. If it properly 
belongs there it must have a special field of phenomena occasioned by 
a special set of forces coordinate with the social forces. But ethical 
forces and phenomena are occasioned by the social forces; hence ethics, 
as Professor Ward has pointed out, is only a department of sociology. 

The chief difference between the proposed classification and those 
of Comte and Spencer lies in the divisions preceding biology. Astron- 
omy with both Comte and Spencer is the first great division of the 
sciences. But to make astronomy the first of the sciences in a genetic 
classification is to imply that the subject-matter of astronomy is at the 
beginning of the creative process. Stellar phenomena, however, must 
have been preceded by both physical and chemical phenomena. Instead 
of being first and coordinate with other great sciences astronomy is 
properly a subdivision under physics. This is sometimes indicated by 
the application to astronomy of the names astro-physics, or celestial 
physics. Since it seems that stellar phenomena properly belong to the 
field of physics and chemistry, we are obliged to omit it from the 
classification as one of the great general sciences. 

In Spencer’s classification geology is placed second in the list. This 
is surely unwarranted. Geology, the study of the earth, is no more 
coordinate with chemistry, physics, biology, psychology and sociology 
than is the study of Venus, Mars or the moon.® Geology, then, like the 
science of any other planet, properly belongs under astronomy. 

The remaining and perhaps the most fundamental difference of the 
proposed classification from that of Comte is that in the former chem- 
istry precedes physics. Bacon called physics the “mother of the sci- 
ences.” Haeckel also, in the concluding chapter of his “ Wonders of 
Life,” speaks of physics as the fundamental science. In the fourth 
chapter of the same book, he writes as follows: 


The study of the atoms and their affinities and combinations belongs to 
chemistry. As this provinee is very extensive and has its special methods of 
research, it is usually put side by side with physics as of equal importance; in 
reality, however, it is only a branch of physics—chemistry is the physics of the 


* This is the opinion also of Professor Ward. See ‘‘ Pure Sociology,’’ p. 69, 
footnote. 
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atoms. Hence, when we speak of a physico-chemical inquiry or phenomenon 
we might justly describe it briefly as physical (in the wider sense).’ 


But “in the wider sense” all natural phenomena are pliysical. 
Thus we have the psychophysics of Fechner and Weber, and the social 
physics of Comte and Quetelet. Comte classed chemistry as one of the 
divisions of terrestrial physics, as if chemical phenomena were limited 
to the earth! In our classification we use the term physical in the nar- 
row sense, and the science of physics is regarded as dealing with the 
molecular and molar movements of matter, that is, with physical 
changes no matter where they take place. These changes are preceded 
in the evolutionary process by the phenomena due to atomic affinities 
and combinations. Chemistry, therefore, should precede and not follow 
physics in a comprehensive genetic classification of the sciences. We 
thus make it first in the order of our classification, since its phenomena 
and forces are first in the order of time. 

It would be interesting, perhaps, to continue farther an analysis of 
the sciences in order to show where some of the more familiar of the 
special sciences belong. Chemistry obviously falls into the two divi- 
sions, morganic and organic. Physics may quite as obviously be divided 
into molecular and molar physics. The former division includes such 
sciences as thermology, electrology, etc., while under the latter, since it 
includes the study of all phenomena occasioned by the gravic forces, 
must necessarily fall such sciences as barology and astronomy, or at 
least that part of astronomy known as astrophysics. Geology, the sci- 
ence of the earth, a planet, belongs properly, as was said before, under 
astronomy. The general science of biology is the synthesis of four great 
special sciences, namely, protistology, phytology, zoology and anthro- 
pology. Psychology is individual and social. Finally, sociology 
should fall into the special sciences of the respective social groups, but 
the terminology is wanting. The special social sciences, as, for in- 
stance, history, politics, political economy, jurisprudence, etc., while 
they properly belong under sociology, are coordinate so far as the re- 
spective fields of their phenomena are concerned, and are consequently 
not subject to arrangement on the basis of their own genetic relation- 
ships. 

It would be difficult, however, if not impossible, to arrange dia- 
grammatically the special sciences without cumbersome repetition, 
even if one possessed the requisite knowledge. Each branch of a science 
may be a contributor to a special science. Each division of biology, for 
instance, has its own morphological and physiological sciences. An 
attempt at such an arrangement, with existing scientific nomenclature, 
would involve extensive neologism. 


7 Haeckel, ‘‘The Wonders of Life,’? New York, 1905, p. 88. 
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FRANCIS GALTON 


By Dr. J. ARTHUR WARRIS 


CARNEGIE INSTITUTION OF WASHINGTON 


O the man of affairs the progress of science must seem monoto- 

nously methodical. Should he walk through the scientific section 

of a great library he would find massive walls of books, journals and 

learned transactions, and would note that year by year the tomes of 

which these walls are built up become a little thicker and that new and 
more specialized series are interpolated among the old. 

Blowing the dust from the tops and cutting pages here and there 
he would soon find himself completely confused. Nowhere would he 
be able to turn down the page corner and say, “ This 1s fundamental: 
this represents a real step forward: this is one of the milestones in the 
advance of science.” 

Those who are not visitors in the stacks but work there, know that 
except in the accumulation of facts the growth of science has by no 
means been a movement of uniform acceleration. Most scientific in- 
vestigators are imitative, contributing to detail but setting no new 
landmark on the horizon. Now and then, however, a man of keener 
imagination and clearer mental vision sees a new and attractive region 
for exploration and blazes a trail. Sometimes the new field is reached 
after great effort, sometimes only an easy ridge has to be crossed. 
Others at once follow his leadership, clearing, mapping, describing 
and illustrating. The work of both is essential, but the one we honor 
as an explorer and the other we respect as a surveyor. Most men of 
science are surveyors merely. 

On January 17, 1911, one of the great explorers, both literally and 
figuratively, laid down his active work in the sciences and humanities. 
Had death come a quarter of a century ago, scientific men would have 
mourned the loss of an able colleague. To-day, sadness can not be 
limited by the boundaries of the divisions of the many ologies, for the 
world has lost another of the great Victorian minds, the peer of Hux- 
ley, Spencer and his own cousin, Charles Darwin: yet regret must be 
tempered with a profound thankfulness that a life so rich in achieve- 
ments and in personal influence could be granted the full term of 
nearly ninety years. Twenty-five years ago, Mr. Galton had already 
contributed his “ Tropical South Africa” and the “ Art of Travel” to 
the literature of geographical research. His inventive genius and me- 
chanical ingenuity had been telling factors in the nascent science of 
meteorology. Human faculty m various phases had interested him, 
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and as early as 1869 he had published the great work entitled “ Hered- 
itary Genius,” and in “ Inquiries into Human Faculty” of 1883, he 
had suggested the term eugenics for the science of race improvement, 
and had advanced strong arguments in favor of its practicability. 

Had 1885 instead of 1911 staid his pen, we should have been de- 
prived of “ Natural Inheritance.” We should have lacked his greatest 
contribution to scientific method—one of the most powerful tools of 
research—the correlation coefficient. Criminologists would have missed 
his contribution of the finger print method of identification. Biometry 
would have wanted his personal stimulus and support which has 
counted so much in the development of the new science. Humani- 
tarians would have had to wait from another not only the initiation of 
comprehensive quantitative investigations of the relative significance 
of heredity and environment—of nature and nurture, as he happily 
expressed it—but also the courage to urge the possibility of the im- 
provement of the human stock under present conditions of law and 
sentiment. 

ANCESTRY AND TRAINING 


One of Galton’s great problems, that concerning the relative im- 
portance of nature and nurture in determining the characteristics of 
the individual, might be hard to solve from a study of his own family 
history. 

When one is told that Francis Galton and Charles Darwin were 
both grandsons of Dr. Erasmus Darwin, and learns the mental traits 
and physical powers of other direct and collateral ascendants, he is 
ready to cast the ballot at once for inheritance, or nature. But when 
one opens the delightfully written “ Memories of My Life” and reads 
of his home life and of his contact with profound and alert minds in 
hospitals and at Cambridge, one hesitates and wonders whether en- 
vironment, or nurture, should not be credited with a substantial share 
of his greatness. 

In human families, however, nurture is largely a product of nature. 
It was not by accident that Samuel John Galton, the manufacturer 
and contractor, grandfather of Francis Galton, was associated with 
such men as Priestley, Dr. Erasmus Darwin, Keir the chemist, With- 
ering the botanist, Watt and Boulton. So in the other associations of 
the family, one can see ability seeking its like; while his attainments 
may be in part due to economic independence and propitious environ- 
ment it must be also borne in mind that independence and environ- 
ment are in their turn referable to the innate ability of the stock from 
which he came. 

The greatness of the man is attested by the facts that there was a 
minimum of training and a maximum of accomplishment, and that as 
in the ease of many other intellectual leaders it is impossible to dif- 
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ferentiate clearly preparation and life work. In some of our institu- 
tions a man eager for research in any field must have his enthusiasm 
smothered and his personal ingenuity choked down by all of the minor 
requirements for the gilt seal of the university degree. Independent 
of the university stamp Mr. Galton spent his youth using his eyes and 
mind while working with the best men he could in hospitals and at 
Cambridge, where owing to a serious breakdown in health he contented 
himself with a poll degree instead of reading for mathematical honors. 
Throughout life the discipline which made possible the next and greater 
task yielded its own contribution to science. Days and nights in wards 
demand keenness of observation. This and his early travels in Egypt 
and Syria prepared him to be a scientific explorer instead of merely a 
gentleman sportsman bagging big game in tropical Africa. His 
fascinating book on Damara and Ovampo Land gave him the scientific 
standing of a gold medalist of the Royal Geographical Society in 1853, 
but his “ Art of Travel” which grew naturally (for a man of Mr. 
Galton’s type of mind) out of his Syrian and African experience per- 
haps counted for more in the advancement of geography. The one 
contained its own quota of concrete facts; the other served to instruct 
others in the art of exploration. First-hand experience with clinical 
thermometers, practical use of sextants in the wilderness and early 
experiments with a printing telegraph are good preparation for an 
active part in the work of the standardization of instruments and of 
the development of methods for the publication of meteorological data. 
Human faculty and heredity are closely linked together, and from 
heredity to eugenics is only a short step, and one forced upon the man 
who goes deeply into the former. 

Some of the reminiscences of the period of training which have 
been given us in the “ Memories” are interesting even to those whose 
lives go back to the early days of modern medicine. 

His life as indoor pupil in the Birmingham General Hospital began 
in the fall of 1858. 

The times of which I am speaking were long before those of chloroform, 
and many years before that of Pasteur and Sir Joseph Lister. The stethoscope 
was considered generally to be new-fangled; the older and naturally deaf prac- 
titioners pooh-poohed and never used it. 

Once a powerful drayman was brought in dead drunk with both of 
his legs crushed and mangled by a heavy wagon. 

They had to be amputated at once. He remained totally unconscious all the 
time, and it was not until he awoke sober in the morning that he discovered that 
his legs were gone. He recovered completely. The question that then presented 
itself to me was, ‘‘ Why could not people be made dead drunk before operations? 
Could it be effected without upsetting their digestion and doing harm in other 


ways?’’ The subsequent discovery of inhaling instead of drinking the intoxi- 
eating spirit, whether it be chloroform or ether, solved that question most happily. 
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Writing of student days at King’s College where, or at the home of 
Professor Partridge, he came in contact with such men as Dasent, 
Daniell, Todd, Smee and Wheatstone he says: 

The signs of advance were all about and in the air. The microscope had 
rather suddenly attained a position of much enhanced importance; it was now 
mounted solidly, with really good working stages and with good glasses. Powell 
was the principal maker of it, and a Powell’s microscope was an object almost 
of worship to advanced students. 

The impression from his first work in Trinity College, Cambridge, 
in 1840 are worth quoting for those interested in education, 

T soon became conscious of the power and thoroughness of the work about 
me, as of a far superior order to anything I had previously witnessed. At the 
same time I wondered at its narrowness, for not a soul seemed to have the 
slightest knowledge of, or interest in, what I had acquired in my medical 
education and what we have since learnt to call Biology. The religious dogmas 
were of a more archaic type than I had latterly Jearnt to hold. I thought that 
just as the medicals wanted the thoroughness of the classicals and of the mathe- 
maticians, so these wanted at least an elementary knowledge of what was 
familiar to the medieals. Great and salutary changes have long since been 
introduced, and the above criticism, which was perfectly just at the time, is now, 
I believe and trust, almost wholly out of date. 

It is perhaps fortunate that in 1840 Galton found his knowledge of 
chemistry and German hardly sufficiently advanced for him to profit 
by Liebig’s teaching in Giessen, for the spirit of travel was strong 
within him and he “ determined to throw that plan over, to make a 
dash and go as far as my money allowed.” This dash carried him from 
Giessen to Linz, thence by rowboat to Vienna, by steamer down the 
Danube, overland to the Black Sea, to Constantinople, Smyrna, Syra, 
Trieste and home by way of northern Italy and Switzerland. ‘“ This 
little expedition proved to be an important factor in moulding my 
after-life. It vastly widened my views of humanity and civilization, 
and confirmed aspirations for travel which were afterwards indulged.” 

The next lesson in travel was a journey up the Nile, where by good 
fertune one Arnaud Bey urged him not to be content with the attain- 
ments of ordinary tourists but to strike overland by camel in the cara- 
van of the Sheikh of the Bishari Desert to Berber. 

A earavan yields so many strange experiences and affords so many occa- 
sions of mutual helpfulness and of friendships, that it is easy to understand the 
importance of the Hadj pilgrimage in hunting the Moslems. I have often 
wished that something of the sort could be revived among ourselves, such as the 
famous Canterbury Pilgrimage of Chaucer, but the religious motive for real 
pilgrimages is generally wanting in Protestant countries. The congresses of 
large itinerant societies like the British Association, in some few respects may 
be considered as taking the place of pilgrimages, but they want the long 
hours and days of open-air life, hard exercise and leisure. 

From Berber a boat was hired to work up to Khartum and from 
thence a short excursion was made up the White Nile. Later his path 
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led him through Syria, and back to England where hunting and shoot- 
ing, extensive reading and digesting what he read by much thinking 
about it, completed what we have for convenience differentiated off as 
the period of training. 

The only published paper of this period was a pamphlet, entitled 
“Telotype, a Printing Electric Telegraph.” The following sixty odd 
years of his life were to be devoted to productive work in the most 
varied branches of science. 


EXPLORATION AND GEOGRAPHICAL SCIENCE 


In an atlas of to-day the white areas on the map are very small in 
comparison with those which are meshed with the highways. ‘The edi- 
tions in 1849 were very different. “It was a time when the ideas of 
persons interested in geography were in a justifiable state of ferment.” 

The journey up the Nile and into the Soudan had been “a tour 
hastily performed, but sufficient to imbue or poison me with the fas- 
cination for further enterprise, which African tourists have so espe- 
cially felt—a fascination which has often enough proved its power by 
urging the same traveler to risk his comfort, his health and his life, 
over and over again, and to cling with pertinacity to a country which 
after all seems to afford little else but hazard and hardships, ivory 
and fever.” 

It was not merely the enticement of big game, of which wonderful 
stories had begun to come back to England, that attracted Mr. Galton 
to South Africa. Every chapter of his book, “The Narrative of an 
Explorer in Tropical South Africa,” bespeaks keenness of observation 
and solicitude for scientific precision. It can not be abstracted here, 
neither can space be spared for quotations to show its literary charm. 
The difficulties of the journey are summarized—and very modestly— 
in the last chapter. 


Christmas and New Year's day had passed, when early in January, 1852, as 
the morning haze cleared away, the sails of a schooner loomed large before us; 
in a moment I was in my pontoon and paddled ont to her, jumped on board, 
and received my letters of a year and nine months’ interval. They were not 
indeed unchequered by melancholy news; but for the intelligence they conveyed 
of my own family circle I had every reason to be grateful. Thus closed my 
anxieties and doubts. I had much indeed to be thankful for. I had not lost one 
of my many men either through violence or through sickness in the long and 
harassing journey I had made. It was undertaken with servants, who, at start- 
ing, were anything but qualified for their work, who grumbled, held back and 
even mutinied, and over whom I had none other than a moral control. I had to 
break in the very cattle that were to carry me, and to drill into my service a 
worthless set of natives, speaking an unknown tongue. The country was suffer- 
ing from all the atrocities of savage war when [I arrived, and this state of things 
I had to put an end to before I could proceed. All this being accomplished, I 
found myself without any food to depend upon, except the oxen that I drove 
with me, which might, on any evening, decamp or be swept off in a night attack 
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by the thieving and murderous Damaras. That all this was gone through suc- 
cessfully, I am in the highest degree indebted both to Andersson and to Hans, 
for single-handed, I hardly know what I should have done. 

The importance to geography of this exploration of the countries 
of the Namaquas, the Damaras and the Ovampo is perhaps best de- 
scribed in the words of the president of the Royal Geographical So- 
ciety, Sir Roderick Murchison, in presenting its gold medal to Mr. 
Galton in 1854. 

You have accomplished that which every geographer in this room must feel 
is of eminent advantage to the science in which we take so deep an interest. 
Accept, with these expressions, my belief that, so long as England possesses 
travelers with the resolution you have displayed, and so long as private gentle- 
men will devote themselves to accomplish what you have achieved, we shall always 
be able to boast that this country produces the best geographers of the day. 

On his return Mr. Galton threw himself into the work of the 
Royal Geographical Society. Those were days when geography re- 
quired explorers, not surveyors. The reports of snow-covered moun- 
tains in eastern Africa were fiercely criticized by some and only half 
credited by others. The source of the Nile was a subject of bitter con- 
troversy. The Congo had still to be explored. During the half cen- 
tury, more or less, that he was officially connected with the work of the 
society Mr. Galton had much to do with the chief figures in African 
exploration—Speke, Burton, Grant, Baker, Livingstone and Stanley. 
An interesting chapter is given to these matters in the “ Memories.” 

Science has probably not lost by the impaired health which pre- 
cluded further exploration. Syria, Egypt, the Soudan and tropical 
South Africa had yielded the first-hand experience which made pos- 
sible the collating and sifting of the work of others and the moulding 
of it into a compact compendium. 

On reading the narrative of the explorations in tropical South 
Africa one is impressed with the large place that is given to method. 
The breaking in of oxen, the seasoning of an axle tree, the making of a 
krall, the best way of carrying a gun on horseback were the things ab- 
sorbing his attention. In his work in the Royal Geographical Society 
and in his contact with the majority of the prominent explorers he 
saw the opportunity of executing the task which he had conceived 
while in the South African brush, and the “ Art of Travel ” was issued 
in 1854. Darwin was a good prophet when he wrote, “... what I 
fully expect is that it will have a long sale,” for at least four editions 
have been issued. 

“The Art of Travel” is a truly remarkable book. Its conciseness, 
clearness and comprehensiveness must be judged from its own pages, 
not from those of a review. 

Some of the fellows of the Royal Geographical Socicty are now feel- 
ing a keen satisfaction in the work which the society has done to ad- 
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vance geographical teaching. In the initiation of this movement for 
a larger place for the science of geography in education Mr. Galton 
had a pioneer part. First the public schools were interested in annual 
competitions for gold and bronze medals to be awarded for the best 
papers in the competitive examination. This not only interested the 
students, but it also showed up for correction weaknesses in the cur- 
rent instruction. Later the problem of geography in the university 
was taken up, and it probably has now a firm foothold at both Oxford 
and Cambridge. 
PHYSICAL SCIENCES AND METEOROLOGY 

Francis Galton’s contribution to the physical sciences, convention- 
ally so called, was not large. We find no paper on chemistry, and 
those of a physical or mathematical character impress one as the recre- 
ations of a brilliantly ingenious amateur rather than the wood hewing 
and the water drawing of the trained and speciality limited profes- 
sional. It would be hardly fair to quote as examples of his work in this 
field such experiments as those with spectacles for divers or stereoscopic 
maps for tourists, although these may be in a way illustrative for 
ingenuity. Neither can his printing electric telegraph or his suggested 
principle for the protection of riflemen be regarded as strictly typical. 
These do not seem to belong on the same thread as the other contribu- 
tions which are to be spoken of in this section. This thread is the 
unity and perhaps unconscious seriousness of purpose to secure greater 
exactness in fields where only rough description had hitherto been 
thought possible. 

The work of Kew Observatory, widely known among physicists, 
offered an attractive field of activity for a man of Mr. Galton’s tastes. 
He was associated with the work of the institution for many years be- 
fore he became its chairman in 1889, to continue in this post until the 
observatory was merged in the National Physical Observatory in 1901. 

Among the problems which occupied him there were the standard- 
ization of sextants, and other angular instruments, and the rating of 
watches and the rapid verification of clinical thermometers. 

The laws of the weather were at that time beginning to attract 
serious attention. The collection of numerous simultaneous observa- 
tions demanded the development of self-recording instruments; in this 
work he also had a share. Particular credit is due to him for the first 
charting of the weather. 

As early as 1861 he pointed out the needs of presenting the meteor- 
ological conditions observed over a given region graphically and pub- 
lished an illustrative map. This first map which we may recognize as 
the progenitor of our daily weather map, was printed from moveable 
type, especially designed for the purpose. Later many experiments 
were made with different devices for engraving plates from which the 
meteorological charts might be printed. In 1863 he published a vol- 
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ume of charts under the title “ Meteorographica.” He was a member 
of the Meteorological Committee (later Meteorological Council) formed 
in 1868 for the purpose of giving storm warning to seaports, for ob- 
taining data for marine charts, and for maintaining a few observa- 
tories with self-recording instruments. His service during the thirty 
years that he was connected with the work of the committee and council 
may be best expressed in the words of Sir Richard Strachey, in a letter 
written to Mr. Galton on his retirement from the council in 1901. 
Only a paragraph can be given. 

It is no exaggeration to say that almost every room in the office and all its 
records give unmistakable evidence of the active share you have always taken in 
the direction of the operations of the office. The council feel that the same high 
order of intelligence and inventive faculty has characterized your scientific work 


in meteorology that has been so conspicuous in many other directions, and has 
long become known and appreciated in all centers of intellectual activity. 


Composite photography may be mentioned here, although in ex- 
plaining its origin we must refer to matters more properly belonging 
to a snbsequent section. 

The blending of physiognomies by allowing each to make upon the 
sensitive plate but a fraction of the impression required for a clear 
picture may in the hands of some be only a harmless amusement for 
the scientific amateur, but the mother of this invention was the neces- 
sity for the securing of greater precision in the determination of fam- 
ily, class or racial types. Composite photography is the mechanico- 
graphical method by which its inventor attempted to solve the prob- 
lem. He points out that human features must show great differences, 
since we are able to recognize a familiar face among thousands. This 
is possible because the general expression of a face is the sum of a 
multitude of small details which are viewed so quickly that they are 
apparently taken in at a single glance. If any difference from a re- 
membered face be present it immediately looms large before the eye 
and overshadows all the many points of resemblance. It is impossible 
to measure these infinitesimal differences between individuals and _ to 
determine by statistical means what is the characteristic physiognomy 
of a race. The selection and photographing of “ typical” or “ repre- 
sentative ” individuals—the course commonly adopted—is altogether 
untrustworthy, since the judgment of the observer is itself fallaceous, 
easily swayed by gross and exceptional features rather than by the 
ordinary ones, so that the carefully chosen typical portrait is more apt 
to be a caricature. 

In a composite photograph family or racial characteristics are 
strongly impressed upon the film, while the individual idiosynerasies 
average out—much as they do in statistical analysis—or to use Galton’s 
own phrase, “leave but a ghost of a trace of individual peculiarities.” 
To discuss in detail the practical applications which have been made, 
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or whieh may probably be made of composite photography would lead 
us too far afield. 


Brotocy AND Biometry, Human Facurty AnD HEREDITY 


When Charles Darwin’s name was proposed before the French 
Academy for membership in the zoological section one of the immortals 
strongly opposed, and offered to put a hundred others before him be- 
cause of their contributions of demonstrable facts. 

Now whether Darwin is to be ranked as a zoologist or Galton as a 
biologist is one of those irrelevant questions the answer to which de- 
pends entirely upon definition. If biologist means only a worker in a 
historically fenced in field, then Mr. Galton has little claim to be known 
as a biologist. If, however, the term biology belongs to a living instead 
of a dead language and is capable of changing its meaning as men un- 
trammeled by traditional barriers suggest new methods which broaden 
and deepen, if a man is to be judged by the directing influence he 
exerts as well as by the pages he publishes, then Francis Galton must 
take rank as a very great biologist indeed. 

His South African narrative contains practically no observations 
on natural history of the kind generally found in works of exploration. 
Possibly this side of the work was left entirely to his companion, 
Charles J. Andersson, who was particularly interested in natural his- 
tory, and afterwards continued observations and wrote on the region 
whieh they had opened up, for there are in Mr. Galton’s book many 
keen observations on the behavior of his cattle. This interest in and 
capacity for detailed study of the behavior of animals is also evident 
in the “ Art of Travel.” A paper on “ Gregariousness in Cattle and in 
Men” was published in 1872. 

The only piece of work along at all conventional lines was his mem- 
oir on “Patterns in Thumb and Finger Marks,” published by the 
Royal Society. 

Experimental methods in biology attracted him. He wrote on ex- 
perimental moth breeding as a means of verifying certain important 
constants in the general theory of heredity, and performed experiments 
to test the theory of pangenesis by breeding from rabbits of a pure 
variety into whose circulation blood from other varieties had been 
largely transfused. Thus forty years ago he undertook problems 
analogous to those which are now being attacked by quite a different 
method—namely by the transplantation of ovaries. Experimental 
studies in the inheritance of size of seed in sweet peas formed a part of 
the basis of his well-known law of regression. 

If, as will be shown Jater, Francis Galton’s great contribution to 
botany and zoology was that of method, the ease is very different in 
that braneh of biology whieh pertains to man. 

The volume on South Africa attests a live interest in racial traits 
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and racial competition. Between this and “ Hereditary Genius” a 
period of sixteen years elapsed, during which the “ Origin of Species ” 
had appeared. Thus neither of these volumes was the product of a 
running pen. The book, he tells us, grew out of a purely ethnological 
inquiry into the mental peculiarities of different races. 

“The theory of hereditary genius,” Mr. Galton says in the preface, 
“though usually scouted, has been advocated by a few writers in past 
as well as in modern times. But I may claim to be the first to treat the 
subject in a statistical manner, to arrive at numerical results, and to 
introduce the ‘law of deviation from an average’ into discussions on 
heredity.” 

This is a late date to review a book like “ Hereditary Genius.” 
Some day it may take its proper rank alongside the “Origin of 
Species.” If one wants higher praise than that in the “ Descent of 
Man” he may read Mr. Darwin’s letter. 


Down, BECKENHAM, Kent, S. E. 
3d December 
My dear Galion:—I have only read about 50 pages of your book (to 
judges) but I must exhale myself, else something will go wrong in my inside. 
I do not think I ever in all my life read anything more interesting and original 
—and how well and clearly you put every point! George, who has finished the 
book, and who expressed himself in just the same terms, tells me that the earlier 
chapters are nothing in interest to the later ones! It will take me some time 
to get to these latter chapters, as it is read aloud to me by my wife, who is also 
much interested. You have made a convert of an opponent in one sense, for I 
have always maintained that excepting fools, men did not differ much in intel- 
lect, only in zeal and hard work; and I still think this is an eminently important 
difference. I congratulate you on producing what I am convinced will prove a 
memorable work. I look forward with intense interest to each reading, but it 
sets me thinking so much that I find it very hard work; but that is wholly the 
fault of my brain and not of your beautifully clear style. 
Yours most sincerely, 
(Signed) Cu. Darwin 


In 1874 “ Hereditary Genius” was supplemented by a little book 
entitled “English Men of Science, their Nature and Nurture.” 
Abandoning a chronological sequence for the moment we may mention 
“Noteworthy Families” by Galton and Schuster, published in 1906. 
These two volumes supply “ what may be termed a natural history ” of 
modern English men of Science. 

“Tnquiries into Human Faculty” of 1883 embodied the supple- 
mented essentials of papers which had appeared subsequently to “ He- 
reditary Genius” of 1869, and which “ may have appeared desultory 
when read in the order in which they appeared ” but which had never- 
theless “an underlying connection.” Possibly the work falls some- 
what short of his others, but it is fascinating and above all suggestive 
reading for the psychologist. Among the topics discussed, such as color 
blindness, capacity for distinguishing shrill sounds, criminality and 
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insanity, gregarious and slavish instincts, mental imagery, number 
forms and color associations, only one may be noticed in further detail. 
This is a study of the sensitiveness of blind and seeing, savage and 
civilized individuals. As a result of his personal experience in bar- 
barous and cultured lands, he concludes that savages have no keener 
senses than civilized man; and as a result of his experiments in schools 
for the blind he finds that the popular belief that in senses other than 
sight the blind are more sensitive than normal individuals has no foun- 
dation in fact. 

After a lapse of six years “ Natural Inheritance ” was given to the 
public. 

Mr. Galton came to be interested in finger prints in 1888, in con- 
nection with preparations for a lecture on personal identification and 
description. Having some misgivings concerning the adequacy of M. 
Bertillon’s system of identification by measurement—because physical 
characters are not independent, but correlated—he cast about for other 
possible means, and undertook the investigation of finger prints. 

Fortunately, Sir William Herschel who had actually used finger 
prints as a means of identification while commissioner in India learned 
of Mr. Galton’s work and came to his aid with valuable prints and 
suggestions. 

Identification by means of impressions of the papillary ridges of 
the thumbs has been so much exploited in fiction that a general ex- 
planation is unnecessary. This does not mean that an immense amount 
of hard work had not to be done on it by Mr. Galton before a British 
prison commission could adopt it. Besides the technique of taking 
really good impressions it was necessary to prove, not assume, that the 
patterns remain the same throughout life, that the variety of patterns 
is really very great, and that they admit of being classified or indexed. 
So when an individual set is submitted to an expert he can tell by refer- 
ence to suitable records whether a similar set has been recorded. 

These things were successfully accomplished and Mr. Galton’s 
system of identification was adopted in Scotland Yard, and is now 
widely used throughout the world. His books on the subject are 
“Finger Prints,’ “Blurred Finger Prints” and “ Finger Print 
Directory.” 

Space can not be taken for a review of the various anthropological 
questions which interested Mr. Galton, but a word must be said con- 
cerning anthropometric laboratories. Writing of Darwin’s provisional 
theory of pangenesis in 1869, he said, 

The doctrine of pangenesis gives excellent materials for mathematical 
formule, the constants of which might be supplied through averages of facts, 
like those contained in my tables, if they were prepared for the purpose. My 
own data are too lax to go upon; the averages ought to refer to some simple 


physical characteristic, unmistakable in its quality, and not subject to the 
doubts which attend the appraisement of ability. 
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Realizing “ the pressing necessity of obtaining a multitude of exact 
measurements relating to every measurable faculty of body or mind, for 
two generations at least, on which to theorize” he set about in many 
different ways to achieve this object. In 1882, he published a plea be- 
ginning “When shall we have anthropometric laboratories, where a 
man may from time to time get himself and his children weighed, 
measured and rightly photographed, and have eaeh of their bodily 
faculties tested, by the best methods known to modern science ?” 

This plan was realized in 1884 when Mr. Galton established an 
anthropometrie Jaboratory at the International Health Exhibition, 
London. Subsequently the laboratory was maintained in the Seience 
Galleries of the South Kensington Museum for about six years. 

It is impossible to summarize fitly the consequences of the estab- 
lishment of these laboratories. Certainly they are not to be gauged by 
the tangible data which they yielded. The measurement of the various 
faculties required special apparatus, and our psychologieal laboratories 
and college gymnasia are greatly indebted to these pioneer institutions. 
From anthropometry in particular is a natural step to biometry in 
general. 

With Franeis Galton anthropometry was largely a means to an end 
—heredity. The titles of his major works on mheritance have already 
been given. Heredity in its turn was merely the seientific prerequisite 
for a humanitarian movement—eugenies. To this end it was with the 
few exeeptions mentioned above coneentrated upon man. 

Among biologists one often hears misgivings expressed eoneerning 
studies of heredity based on man. “ Obviously enough the laws of in- 
heritance are the same for man as for other animals, or as for plants, 
but the material is not suitable for investigation,” is the substance of 
frequent comments. In a degree this criticism ts quite justified. Hu- 
man pedigrees are collected with great difficulty, as compared with 
those of peas or fowls or mice. Even where the greatest caution is 
exercised, the opportunities for deeeption and concealment are very 
great, and individual pedigrees must be looked upon with the greatest 
caution. 

These objections can not detract in the slightest degree from the 
credit due to Francis Galton. The work of an individual to be justly 
appraised must be judged in relation to the intellectual environment 
of his time, just as social or religious movements to be intelligible must 
be studied in their historieal settmg. In “ Hereditary Genius” Mr. 
Galton records the results of an exploration of an entirely new field. 
In it he entered a terra incognita just as truly as when he turned his 
hack upon the missionary outposts and his face towards the land of the 
Ovampo. Up to Galton’s time men discussed heredity. He set about 
to measure its intensity. Even after much of his epoeh-making work 
was published, prominent and otherwise well-informed men denied the 
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existence of heredity in man. It is still urged by some that in the 
mental qualities nurture is of far greater importance than nature. So 
at the time when he struck out in a new direction in biology it was by 
no means obvious that heredity—to say nothing of the laws of inherit- 
ance—was common to man and the lower organisms. Our present be- 
lief that this is true is largely due to the labors of Galton and his 
school. 

Again we must remember that even in “ Ifereditary Genius” he 
had definitely in view the possibility of race improvement. However 
unsuited human material may be for unravelling recondite laws of 
inheritance, it must be admitted that from its high sociological im- 
portance the problems of heredity and environmental influence must 
be investigated in the human species. 

To discuss Galton’s work on inheritance in greater detail at the 
present time would be a thankless task, for his immense service to the 
science of heredity and the great value of his methods for some prob- 
lems of inheritance have been generally obscured by the enthusiasm 
over other means of attack. With a little time and a bit of Galtonian 
patience we shall perhaps arrive at a saner pomt of view than that now 
prevailing. 

Galton’s application of quantitative metheds to the problems of 
human faculty and heredity is one of the forces which has gone into 
the formation of the biometric school of biologists. His influence in 
connection with this school is his greatest service to biology. 

Tt may not be amiss to state here what the fundamental articles of 
faith of the biometrician are. They seem both simple and highly 
reasonable. 

First, the biometrician requires that all observations shall be re- 
duced, in so far as the material permits, to a quantitative basis. Galhi- 
leo’s injunction to measure what is measurable and to render measur- 
able what is not, must become the ideal of biologists, as it has long 
been of physicists, chemists and astronomers. When a sufficient number 
of biologists have made this the guiding principle of their work, the 
hoary and decrepit distinction between precise and biological sctences 
wil] pass away. 

Second, the biometrician insists that generalizations be drawn only 
from adequately large series of observations. The living substance is 
so subject to as yet unknowable, or at least unmeasurable, influences 
that we dare not trust the “individual instance“: it is onlv upon a 
large number—and sometimes a very large number—of individual in- 
stances that conclusions of value may be drawn. 

Third, the biometrician demands that the actual data, quantitative 
in quality and adequate in amount, shall he interpreted by sound logic. 
The most suitable logic, he believes, is that of the mathematician. This 
is agreed upon in theory by the most severely and variously disciplined 
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minds. It has been rigorously tested in practise by the physicist and 
the astronomer, and the engineer joins with them in recommending it 
to the biologist and sociologist. 

Surely these are simple articles of faith. Accompanied by the reso- 
lution to base theories on the entire array of observed facts pertinent 
to the problem in hand, instead of picking and choosing favorable evi- 
dence, and to fit theories to observation instead of gathering observa- 
tions to fill out and stiffen up limp theories, they are, so far as I am 
aware, the whole creed of the working biometrician. He has no petri- 
fied hypotheses, and his theories are so plastic that they fit all but the 
minor irregularities of his data. He believes that industry in the de- 
scription of natural phenomena by statistical constants is more impor- 
tant than assiduity in the imagination of explanations of them. He 
has no dogmas except unimpeachable quantitative data, sound logic, 
checked up arithmetic and cautious open-mindedness in interpretation. 

Though simple in definition these ideals are attainable in practise 
only with the greatest care and exertion. After pointing out some of 
these difficulties in an essay on biometry written as an editorial for the 
first pages of Biometrika, Mr. Galton says: 

Consequently the new departure in science makes its appearance under 
conditions that are unfavorable to its speedy recognition, and those who labor in 
it must abide for some time in patience before they can receive much sympathy 
from the outside world. It is astonishing to witness how long a time may elapse 
before new ideas are correctly established in the popular mind, however simple 
they may be in themselves. The slowness with which Darwin’s fundamental 
idea of natural selection became assimilated by scientists generally, is a striking 
example of the density of human wits. 

The last ten years has shown the truth of these words. Those who 
have stood for biometry have had to do rather more than “ abide for 
some time in patience,” for lack of “sympathy from the outside” has 
been replaced by open hostility, often coupled with misrepresentation. 
The biological lump has been sodden and heavy, but the leaven is at 
last penetrating. A few years ago papers were not infrequently refused 
publication merely because they were biometric. Now every volume of 
the best biological journals bears more or less distinctly the impress of 
the methods associated with the names of Francis Galton and Kar] 
Pearson. 

EUGENICS 

A careful study of Mr. Galton’s many short papers soon reverses 
any first impression of desultory ingenuity. Not only a connecting 
purpose but a practical end is often evident. Detailed illustration 
would be tedious. Military men have praised the “ Art of Travel.” 
His work at Kew Observatory and on the Metereological Council bear 
witness to this characteristic. The great success of finger print identi- 
fication is perhaps a better example. 

Nowhere is the bent for the practical to be more clearly seen than 
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in his work on heredity. In the introductory chapter to ‘* Hereditary 
Genius ” of 1869 we read: 

I conclude that each generation has enormous power over the natural gifts 
of those that follow, and maintain that it is the duty we owe to humanity to 
investigate the range of that power, and to exercise it in a way that, without 
being unwise towards ourselves, shall be most advantageous to future inhabitants 
of the earth. 

The subject had been discussed by him four years earlier in Mac- 
millan’s Magazine. In “ Inquiries into Human Faculty” of 1883 
we read: 

My general object has been to take note of the varied hereditary facuities 
of different men, and of the great differences in different families and races, to 
learn how far history may show the practicability of supplanting insufficient 
human stock by better strains, and to consider whether it might not be our duty 
to do so by such efforts as may be reasonable, thus exerting ourselves to further 
the ends of evolution more rapidly and with less distress than if events were left 
to their own course. The subject is, however, so entangled with collateral con- 
siderations that a straightforward step-by-step inquiry did not seem to be the 
most suitable course. I thought it safer to proceed like the surveyor of a new 
country, and endeavor to fix m the first instance as truly as I could the position 
of several points. 

It must not be thonght that Francis Galton’s contribution to this 
branch of social science was merely the demonstration of the inherit- 
ance of both normal and abnormal bodily and mental traits. In 
“TIuman Faculty * of 1883 and in the preceding memoirs upon which 
it was based are many topics of great sociological importance: gregarious 
and slavish instincts, population, and racial migrations, early and late 
marriage, and marks for family merit. 

One of these questions which Galton discussed a quarter of a cen- 
tury and more ago has attracted and is bound to attract increasingly 
the attention of sociologists. It is the question of the relative contri- 
bution of town and country families to future generations. “ Urban 
selection ” has often been discussed by anthropologists. If it be true 
that the physically fitter and psychically superior are drawn into the 
grind of the city, and if it be trne that both physical and mental traits 
are inherited, then it becomes of paramount importance to learn 
whether the families in the city do their share towards filling the ranks 
of the oncoming generation. Under any svstem in which they do not, 
every large city is an open wound from which the best blood of the 
nation is being poured. As long ago as 1873, Galton attempted to 
measure the relative rate of supply of city and country families to the 
population of future generations. 

The new science which purposes to gather and sift and coordinate 
data concerning factors which are of significance in determining the 
characteristics of races was christened eugenics by Mr. Galton as early 
as 1883. As defined in the publications of the laboratory whieh he has 
endowed “ National eugenics is the study of agencies under social eon- 
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trol, that may improve or impair the ractal qualities of future genera- 
tions, either physically or mentally.” 

Mr. Galton realized that nowhere is a scientific groundwork more 
essential than in eugenics. Compared with the dilettante in eugenics 
the quack in medicine is nothing in his power for harm. The danger 
reef lies in its attractions to the superficial and the hasty. 

‘To the fundamental requisites of race improvement Francis Galton 
contributed in a two-fold manner. He gave much of the best vigor of 
his own long working lifetime and in his old age provided for its wider 
growth by endowing a university laboratory where the work might be 
continued along the lines which he began. 

In the early sixties little more than superstition reigned concern- 
ing the influence of heredity and environment in man. Scientific data 
were almost unknown. Galton not only backed up his arguments by 
the best available evidence, but always dissatisfied with this and believ- 
ing that “ the basis of science is exact measurement ” he gathered fresh 
quantitative data and taught others to do the same. Realizing that 
statistics “are the only tools by which an opening can be cut through 
the formidable thicket of difficulties that bars the path of those who 
pursne the science of man” he worked ont methods for the more re- 
fined analysis of statistical data, out of which a whole modern science 
has grown. 

If one turns from the work which he personally did to that of his 
laboratory it need only be said that if those laboratories to be patterned 
after this in other universities make good as it has done under the 
direction of his friend, Professor Pearson, a few years must show a 
marked advance in our knowledge of many of the basal problems of 
biology and sociology. From the Francis Galton Laboratory for Na- 
tional Eugenics have come, to mention only major topics, researches 
into the inheritance of the insane and tubercular diathesis, into the 
physique and intelligence of school children, into the influence of pa- 
rental alcoholism on the physique and intelligence of the offsprmg, into 
the relative significance of constitution and infection in tuberculosis. 

When a theory or a social propaganda wins its ways to public notice 
the historical critic seeks to trace it to its origin. Rarely is the credit of 
coneeption to be assigned to one man, although almost alone he may 
have compelled the world’s attention. 

The ideal of eugenics is no exception to this rule. The retro- 
spectively inclined may look back as far as Plato. But the undeniable 
fact remains that it is Francis Galton who has forced thinking men to 
take these matters into consideration. The explanation is not far to 
seck. ''o-day men demand more than will-o’-the-wisp ideals. The 
dreamer who conceives and the engineer who executes are both essen- 
tial and both to be honored, but for efficiency and progress their talents 
must be combined. Once the idealist, the prophet, the man religiously 
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aflame passed through the street and swept the mob along with him. 
Now social advance is coming to depend more and more upon the re- 
sults of cold scientific research. 

Herein lies the success of Galton’s movement. No accomplishment 
of recent times is of greater interest to scientific men, for the success 
which has been attained is due to a social and religious appeal made 
from a solid foundation of scientific facts. Opinions as to the direction 
of eugenic reform, or indeed as to the advisability of any immediate at- 
tempt at practical work, differ greatly but the widespread interest in 
its problems is an equally widespread admission that biology is to stand 
in the most vital relation to sociology, that science is to be the hand- 
maiden of statecraft. 

Hero worship must not blind the scientific biographer to the fact 
that in the doing of this Francis Galton was by no means single-handed. 
Those who preceded him in the fruitless suggestions of race improve- 
ment may be left out of account; those who labored with him can not. 
Indeed. I personally feel that in this work there is one name generally 
closely associated with his own which should take equal rank with his. 

But Francis Galton must always rank as the pioneer—as the one 
who while the fighting was still hot around the “ Origin of Species ” 
and before the “ Descent of Man” had yet been written had the insight 
to see and the courage to say not merely that man was to be included 
in the evolutionary chain but also that evolution has more than aca- 
demic interest in its relation to man. He had the courage to argue 
that just as animals and plants are plastic in the hands of the breeder, 
so the physical strength and mental vigor of future generations may 
be moulded by a scientifically enlightened and morally quickened com- 
munity. 

THE Man anp His Mertiops 

“The greatness of a man is shown in what he is, in what he does, 
and in what he sets a-doing.” 

It would be presumptuous for any one who had not the privilege of 
vears of intimacy to write of Mr. Galton’s character and personality. 
In paragraphs ranging from exploration through physical and biolog- 
ical sciences to eugenics an outline of what he did and what he set a- 
doing has been given. The two objects of this section are to state for 
the benefit of those who can not study his work in detail some of the 
characteristics of the investigator, and the cardinal features of his 
contributions to science. In essence, we have to determine what shall 
be understood by Galtonian. 

A first characteristic was the ability to see essentially new prob- 
lems or new methods of accomplishing things that needed doing. Some 
of his results—daily weather charts, anthropometric laboratories, hu- 
man heredity—like those of Benjamin Franklin, had an obviousness 
which was eryptic to other eyes. Not only did he see problems but he 
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had a peculiar faculty for searching out the significant thing and 
limiting his attention to it. Volumes have been written on palmistry, 
without the slightest practical outcome. Galton at once passed by the 
conspicuous wrinkles and folds of the palm, ‘ which are no more signifi- 
cant... than the creases in old clothes” and concentrated upon the 
minute papillary ridges of the thumbs and fingers with the conse- 
quence of a workable system of finger print identification. 

Correlated with this ability to look with discerning eyes on either 
side of the beaten trail and into the jungle was a peculiar independence 
of the herd. Most investigators are not surveyors merely, but in so far 
as specialty fences will allow, crowd with the gregariousness of cattle 
into the same field. Ecological surveys are in fashion to-day, centri- 
fuging eggs holds the attention of the crowd to-morrow. Francis 
Galton’s association with men was wide and intimate, he sought help 
from those of the most diverse accomplishments and always urged 
friendly cooperation and criticism, but as a conceiver of problems and 
methods his independence was all but complete. Perhaps this self 
reliance was gained in his early explorations. It is seen not merely 
in the formulation of problems. but in his freedom from the conven- 
tional paraphernalia and impedimenta of research. Every difficulty or 
emergency was an opportunity: the ready ingenuity was in direct pro- 
portion to difficulties opposed. Many uses for the sextant may be 
found in the literature, but it required a Galton to apply it for obtain- 
ing anthropometric measurements of Hottentot dignitaries where 
conventional methods might have been undiplomatic. Most travelers 
when ready to sail from a country would have swallowed their wrath 
at the loss of a favorite ox or would have retaliated blunderingly. By 
putting himself under the command of a Hottentot chief with his hand, 
with the stipulation that a flogging was to be the only punishment of 
the Damara miscreants, Mr. Galton at once turned the annoying inci- 
dent into a golden opportunity of studying the tactics of a savage raid. 

Francis Galton by his studies of noteworthy men of sctence found 
that no special education other than self instruction is really necessary 
to the attainment of eminence. Access to superior tuition and Jabora- 
tories have doubtless helped some to attain distinction who could not 
otherwise have done so, but they are by no means all important factors. 
~The facts that lie patent before the eyes of every medical man, engi- 
neer and the members of most professions, afford ample material for 
researches that would command the attention of the scientifie world 
if viewed with intelligence and combined by a capable mind.” The 
truth of these views he exemplified by his own life. 

Writing of scientific eminence and scientific ability in 1869 My. 
Galton observed that some men become renowned because of a single 
striking discovery. Others of equally high natural gifts and energy in 
application have not this good fortune. Their results are valuable 
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and remain, but the worker is forgotten. Stilla third class “ have shown 
their original powers by little more than a continuous flow of helpful 
suggestions and criticisms, which were individually of too little im- 
portance to be remembered in the history of science, but which in their 
aggregate, formed a notable aid towards progress.” Notwithstanding 
all of the important fields in which his name should take honorable 
place. a writer im Vature, and one who is evidently qualified to write 
of the more personal side of Mr. Galton’s life, has told us that his 
own strongest impetus to science was probably this continuous flow of 
helpful suggestions and criticisms, this personal inspiration, which he 
exereised over those with whom he came in contaet. 

Probably this is true. If one looks for the thing whieh was next 
in importance to the personal influence which he exerted, it will not be 
found in recorded observations but in seientifie method. Were his 
share in the advancement of science to be measured by the quantity of 
bricks and mortar that we call concrete facts which he made available 
for others, his place would be an honorable one. But the question which 
seemed always uppermost in his mind was, how can the essential facts 
concerning this phenomenon be most easily and aecurately obtained 
and interpreted? Everything he came in contact with presented a 
problem of method. He touched many fields, and so the problems in 
method whieh he set himself were numerous. The “ Art of Travel,” 
the standardization of instruments, the installation of self-recording 
meteorological batteries, the charting of meteorological data, the 
identification of criminals by finger prints, composite photography, 
methods and instruments for anthropometry, photographie records of 
pedigree stock, and finally the correlation coefficient, all attest his in- 
ventive genins and his eagerness to attain greater precision in every 
problem which he touched. 

In the case of both Darwin and Galton the greatness of the man 
has stood in the way of his recognition. Sorting the work of either of 
them into the compartments of the specialty cabinet and comparing 
it there with that of others who have devoted themselves to one sub- 
ject only, it seems meager in volume. Afost men are interested in the 
contents of hut one pigeon hole, or are incapable of considering more 
than a single compartment at a time. If we look under geography or 
geology, botany or zoology, anthropology, psychology or social science, 
we find the impress of Darwin and Galton there. But judged as special- 
ists merely there may be some misgivings as to the claim to emi- 
nence of either of these grandsons of Erasmus Darwin. But now and 
then a man appears who chafes at the limits of a single cell, who feels 
that there should be additional compartments. or that partitions be- 
tween established divisions should be broken and become nominal 
merely. He may eyen insist that the point of view or the method of 
research of all the specialists requires modification. Such a man may 
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be so far in advance of his time that he is largely unappreciated by his 
contemporaries. This has been to some extent the case with Darwin 
and with Galton. Happily both lived to receive some parts of the 
tributes they deserved from their fellows. 

How great is the debt of humanity to the Line of Darwin! 

On the basis of an immense collection of the facts of natural his- 
tory, Charles Darwin gave the world a theory which soon swept be- 
yond the boundary lines of biology and by its clarification and unifica- 
tion of knowledge has been one of the powerful factors in modern life. 
Francis Galton was a leader in giving science methods which bring 
within the grip of mathematical analysis a wide range of biological, 
social and other natural phenomena hitherto regarded as outside the 
pale of exact science. Fifty years has made cultured men of all disci- 
plines evolutionists, and Darwin’s name is carved higher than that of 
any other who worked towards this goal, but after these fifty years we 
are still in deep ignorance concerning the processes by which evolu- 
tion has taken place. This problem which has been the cloud by day 
and the pillar of fire by night in the onward march of biological re- 
search, awaits solution by the methods of Galton. Charles Darwin and 
the great men who came to his support songht to show that historically, 
in origin, man is not a separately favored being set in a garden of all 
living things to have dominion over them, but that his origin is a nat- 
ural consequence of the struggle for existence, that step by step he has 
fought his way to the top of the evolutionary ladder, matching sinew 
with sinew and cunning with cunning. 

Francis Galton and his schoo] have proved that as applied to man 
this evolutionary process is not of class-room interest merely, but that 
its factors are of vital social importance to-day. A complex eivilization 
may be likened to a cathedral of arches, every stone of which is under 
stress. ‘The permaneney of the civilization is hmited by the physieal 
and mental soundness of the component human stocks, just as the 
stability of the cathedral is limited by the texture of the stones which 
went into its building. Galton and his school have proved that in the 
determination of the character of the individual, nature is of greater 
significance than nurture—that the strength of the stone depends 
primarily upon the quarry from which it came, not upon the height 
to which it is pohshed nor upon the elegance of the colonade into 
which it is built. They have shown that in our strenuous modern life 
the statistician can point to some factors which tend to conserve and 
to others which tend to destroy the types of men which have made high 
civilization possible, and they have told us in ringing words that it is 
the duty of the man of science to apply the most rigorously exact 
methods to the investigation of all those factors which tend to improve 
or impair the racial qualities of generations yet unborn. 
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THE ORIGIN OF LUMINOUS METEOR TRAINS 


By Dr. C. C. TROWBRIDGE 


COLUMBIA UNIVERSITY 


HE nature of the luminous cloud occasionally left glowing in the 
wake of large meteors and called the “ persistent ” streak or train 
has long been regarded as a mystery by astronomers. Many of these 
trains have been observed which have remained visible to the naked 
eye for quite as long as fifteen or thirty minutes after the disappear- 
ance of the burning metorite itself. In numerous instances trains have 
lasted for more than one hour, floating in the cold upper atmosphere, a 
luminous mist-like cloud projected against the dark night sky. 

Metcors are usually visible but for a few seconds in their rapid flight 
through the upper regions of the atmosphere at a velocity of from 
twenty to thirty or more miles a second. Their track 1s almost always 
marked by a bright streak of fast-fading luminosity which also dis- 
appears from view in a second or two. Occasionally, however, the streak 
remains for many minutes brightly glowing, continually expanding in 
size, and drifting with the moving atmosphere. This is the phenom- 
enon which has been called the “ persistent train.” 

Meteors which leave these trains are a very small proportion of the 
total number that are seen, yet authentic and definite facts concerning 
the trains have been recorded at various astronomical observatories in 
all parts of the world, hence the chief characteristics of this remarkable 
phenomenon are known. 

A serious study of the subject has been made only recently, but it is 
now recognized as being of considerable importance because it teaches 
important facts concerning the upper atmosphere.*| Most of the obser- 
vations of meteor trains which from time to time have been made by 
different astronomers have been incidental in the course of the usual 
investigations of the heavens. Perhaps the best way to show the extraor- 
dinary features of the self-luminous meteor train is by drawings of a 
bright and long-enduring train carefully observed in England many 
years ago. The drawing marked -{ in the first illustration is a sketch 
made by one of the observers of the train as it appeared only a few seconds 
after the meteor nucleus had disappeared. This train, which was seen 
by many observers in the vicinity of both Sidmouth and Cardiff in 
England at the time of the great meteor shower of 1866, was formed 

+A grant has been made by the National Academy of Sciences from the 
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by a meteor belonging to the swarm known as the Leonids, and ap- 
peared at first, as is always the case, a narrow glowing streak. The 
train soon after its appearance was sixteen to eighteen miles in length 
and at an altitude above the earth of fifty-six miles as determined by 
triangulation from Sidmouth and Cardiff, which are fifty miles apart. 
It appeared Jance-lke for a few moments and then was seen to be 
bending like a long floating ribbon, slowly curving about as shown in 
sketch J. ‘The train also gradually expanded in size. The enlargement 
of these Inminous clouds is unquestionably due to the diffusion of the 
particles of which they are composed. A careful study of the observa- 
tions of a large number of trains has proved conclusively that the dis- 
tortions, such as those shown in the illustrations, are due to the different 
wind currents that are in the atmosphere at great heights, even as far 
distant from the earth as sixty-five miles. It is also evident that these 
currents may vary both in direction and in velocity at different levels at 
one time, quite similar in fact to the drifts of the atmosphere in the 
cloud region near the surface of the earth. 

Meteor trains have been observed more frequently during the 
periodic meteor showers than at other times, and apparently the meteors 
which have produced the greatest number of trains are the so ealled 
Leonids and Perseids. The former, it may be remembered, appear every 
year about November 14, but produce what is known as a meteoric 
shower every thirty-three or thnty-four years, the actual period being 


Rie. 1.) Mereor ‘RAIN SHEN AT SibMotTH AND CARDIFF, ENGLAND, Observed on 
November t4, PS6G, at 2 :0S A.M. Visible until 1:20 Acs. 


GRIGIN- OF EV UNOS WET HOR TRANS 193 


Fie. 2.) Mrreok TRAIN SEEN AT ABERDEEN OBSERVATORY, TNGLAND. Observed 
on November 14, 1866. described as a pale vellow band of Hight about half the diam- 
eter of the mvon, .t at Lidl am, Boat Lud Aap, Coat 2i45 am. (The largest 
star in the cluster is Aldebaran.} 


334 vears. The showers of 1833 and 1N66-7-S produced many persist- 
ent trains. The Leonid shower tn 1901 was very meagre as compared 
with those of 1853 and 1866, vet a mumber of persistent trains were 
observed at that time. which was the date of the last meeting of the 
earth and that part of the orbit of the Leonid meteor swarm where the 
metcorie masses are clustered inost thickly. 

The Perseid meteors appearing about the eleventh or twelfth of 
August are far more evenly distributed along in the track of their orbit 
than the Leonid meteors and hence there is no recurrent period when 
they are particularly abundant. Both the Leonids and Perseids are very 
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Mig. 3.) Mprgbor TRAIN SEEN AT TIN LEIDEN OBSERVATORY, HOLLAND. Observed 
on November 13, 1865. Krom a picture by the observer, Dr. Van Hennekelen. A as 
it appeared at 12:45 a.m., Bat 1:18 a.m., C at 1:24 a.m. 


rapid-moying meteors, and it may be that the formation of trains by 
them is partly due to their high velocity. Many trains have been 
observed which have heen produeed by meteors belonging to other 
swarins than those that radiate from the constellations Leo and Perseus, 
and thus it is possible for a persistent train, althongh an uncommon 
phenomenon, to occur on any night during the vear. 
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Fic. 4. DutsBLe TRAINS OBSERVED AT TUE PALISADES OBSERVATORY, N: Y. The 
trains are drawn as they appeared in a telescope; the double appearance is probably 
due to greater luminosity on the border of the train. 


Among the astronomers who have made important observations of 
these trains are Mr. W. F. Denning, of Bristol, England, the acknowl- 
edged authority on meteors; the late Professor A. S. Herschel, who 
died about two years ago, the last of the three great Herschels; and a 
number of other well known astronomers, members of a committee 
especially organized by the British Astronomical Association for the 
observation and study of meteors. On the European continent Pro- 
fessors J. F. J. Schmidt and G. Von Niessl have contributed a great 
deal to the subject of meteoric astronomy. In the United States the late 
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Fic. 5. CoME?T-LiIKE TRAIN SEEN By PROFESSOR E. E. BARNARD, NOVEMBER 14, 
1901, A as’it appeared at 3:10 a.m., B at 8:40 a.m. The drawings are copies of 
sketches sent to the author by the observer. 
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Professor If. A. Newton, of Yale University, was a constant observer 
of meteors and published many observations, and in recent years Pro- 
fessor IE. E. Barnard, of the Yerkes Observatory, has added some 
important records of long-enduring trains. 

Meteor trains are by no means as rare as might be supposed, and it 
is safe to predict that if a plan were organized for their observation on 
nights of the year when meteoric showers occur, many trains would be 
observed. This would be a source of new records which would throw 
more light on the subject. That trains would be seen if systematically 
looked for is demonstrated by the fact that nine different trains were 
seen by an ohserver in England during one night with the aid of a small 
telescope. The watch was kept at the time of an ordinary August 
Perseid: shower. 

Mr. Denning and Professor 
Barnard have pointed out that 
meteor trains visible to the naked 
eve for one or two minutes have 
heen seen in the telescope for a 
quarter of an hour or more, and 
that by the use of a small low- 
power telescope they can be stud- 
ied to greater advantage than by 
the naked eye alone. If the track 
of every bright meteor could be 
examined with a field glass, it is 
probable that many — persistent 
trains would be observed which 
would be invisible to the naked 
eye, Moreover, Mr. Denning has 
shown that a great many meteors 
ean be seen with a telescope which 
are otherwise invisible, and he also 
cites instances where he hasdetected 
persistent trains by the telescope. 

In England a large number of 
trains were observed in the mete- 

‘orice shower of November, 1866, 
two of these trains are shown in 
the illustrations. During that 
shower the long-enduring trains 
were so numerous that one meteor 
observer at Birmingham — stated 


Fig. 6.) GREENISH TRAIN OBSUORVED F 
Ar JAMAICA PLAIN, APAsSS., NOVEMBER that. the trams frequently were 


14, 190). Meteor fell at S:09 am. A 
as fhe train appeared at 5:12 am., B Z : ‘ 
le tenga ea CAL newark at radiant point, the constellation of 


seen to be branched out from the 
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Fic. T. DayLicur TRAIN of «A DetToNATING METEOR, Seen from the Lick 


Observatory, 7:30 P.M, July 26, 1896, visible for one halt hour, from a drawing pub- 
lished by the observatory. The enlarged part of the train is the point where the 
explosion occurred, twenty-eight miles above the surface of the earth. 
Leo, “like the spokes of a wheel, three or four at a time” ! The 
radiant pomt is the region in the heavens from whieh meteors appear 
to emanate. Many trains have been observed on the European conti- 
nent from time to time, One of these is shown in one of the illustra- 
tions. Tt was seen at Leiden in Holand on the night of November 13, 
1865. 
t(ECENT REMARKABLE TRAINS SEEN IN ENGLAND 

A train which was observed all over the south of England during 

the evening of Angust 12, 1894, was formed by a meteor at 10:20 P.M. 
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and was very remarkable. Its drift across the country was noted by 
many observers. It was eight miles in length at first and drifted at 
the rate of 122 miles per hour at a height of 54 miles, and it was 
watched by observers in different cities for thirty minutes. It finally 
assumed a globular form, and at one time was calculated to be four 
miles in diameter, thus covering a space of at least ten or fifteen cubic 
miles! 

A meteor leaving another long-enduring train appeared over the 
south of England at 7:30 p.a., February 22, 1909. Mr. W. F. Den- 
ning considers this meteor with its train the most remarkable one in 
modern times. ‘lhe train gradually increased in brilliance and twisted 
about, assuming grotesque shapes. <A part of it drifted to the north- 
west at a velocity of 80 miles per hour and remained plainly visible 
until 9:30 or 10 o’clock. Another portion of the phosphorescent cloud 
drifted at a very much greater speed; according to the calculations of 
Mr. Denning, the best authority on meteors, the rate of 300 miles per 
hour was observed! ‘This velocity is more than double that of any 
other drifting train hitherto observed, and indeed shows an extraor- 
dinary movement of the atmosphere. The train may have been 1il- 
Iuminated for a time by sunlight on account of its appearance so early 
in the evening. This is the longest instance of visibility of a train seen 
at night. The record duration of a train illuminated by reflected light 
of the sun is that of the smoke train left by the meteor which exploded 
over Madrid, Spain, on the morning of February 10, 1896, and which 
was visible for five and one half hours as a reddish cloud. 


MeEtTEor TRAINS OBSERVED IN THE UNITED STATES IN 1901 


Professor E. E. Barnard, of the Yerkes Observatory, who has made 
a number of interesting observations of meteor trains reported two that 
he observed early on the morning of November 15, 1901. The first was 
formed by a brilliant meteor which radiated from the constellation Leo. 
This train was greenish-white in color, about 5° long, or a distance 
equal to ten times the diameter of the moon. It remained visible 
from 2:54 to 8:40 a.m. Another, which is shown by an illustration, 
was first seen at 3:10 A... and was conspicuous until 3:40 A.M., when 
it was obscured hy clouds. Its color was greenish-white also. This train 
gradually expanded until it covered 20 or 25 degrees of the sky, forming 
two tails and appearing much in the likeness of a comet. Another train 
shown hy three sketches made by the observer was seen by Mr. R. M. 
Dole, November 14, 1901, about 5:09 a.m. at Jamaica Plain, Mass. 
The large size of the train is made evident by comparison with the 
familiar stars of Ursa Major, “'The Big Dipper,” which appear in the 
drawing. ‘he train was greenish in color, gradually turning to white. 
Jt was also seen at the observatory of Brown University, Providence, 
R. 1. This cosmic cloud, according to an estimation which cannot be far 
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wrong, was about two miles in thickness and fifteen miles in length. 
About the same time several persistent trains were seen at Dunmore, 
Northwest Territory, Canada, one of which remained visible twenty 
minutes, and several others were reported from the Mount Lowe 
Observatory, California, by Professor F. L. Larkin. 


Tuer Mereor TRAIN ZONE 


It is evident that meteor trains that are observed at night occur at 
a very definite altitude, and furthermore various facts indicate that the 
formation of the train is due rather to the state of the earth’s atmosphere 
where the train is formed than to the constitution, size or condition 
of the meteor itself. Also that the train is a glow phenomenon of the 
phosphorescent type and probably of electrical origin. 

When meteors penetrate into the atmosphere of the earth they 
blaze forth at various heights, some even at as great an altitude as 100 
miles, but the average height at which they appear has been found to be 
about 80 miles. The usual height at disappearance is about 40 miles. 
These altitudes are based on many observations. There is strong 
evidence in favor of the hypothesis that there is a certain density of the 
air which is favorable for the formation of the persistent train, because 
the altitude above the surface of the earth at which meteor trains occur 
when seen at night is usually confined to definite limits between forty- 
five and sixty-five miles, and the height which appears to be most favor- 
able for longest visible duration is about fifty-five miles. Thirteen trains 
carefully observed at two or more stations, the altitudes of which have 
been determined by triangulation by well known astronomers, give a 
height of fifty-four miles as the mean altitude of the middle portions of 
the trains. The region where these self-luminous streaks of meteors 
occur extending from a little above sixty to a little below fifty miles 
altitude may well be called the meteor train zone of the atmosphere. 

Trains of meteors which fall in daylight or twilight are not infre- 
quently seen. They appear as thin smoke trains illuminated by the 
Inght of the sun, and according to triangulation observations which are 
possible only when the train is seen from two stations, they occur as 
low as twenty-five miles altitude, but seldom above forty miles. They 
are thus as a rule at a much lower altitude than the trains seen at night, 
which are usually, if not always, above forty-five miles. This fact would 
seem to indicate that in the upper levels of the atmosphere the glow 
does not mainly arise from light reflected from fine meteoric dust, but 
is a luminosity of the gas in the meteor’s track. 

The colors of the meteor trains show a good deal of variation ac- 
cording to the records of observations of different trains. The colors 
of trains observed at night include orange-yellow, emerald-green, 
bluish-green, silver and also white. In numerous cases green trains 
changed gradually to white, and in one instance from greenish to a 
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“dull reddish.” Apparently the color of many of the self-luminous 
trains observed are recorded as various shades of green, gradually 
changing to white as the train fades, and the remainder either bluish, 
silver or white. The residue of the meteorite is evidently a cloud com- 
posed of very finely divided smoke-like particles arising from the vola- 
tilization, combined with gases liberated at the same time. ‘This elond, 
if seen in dayhght or illuminated in twilight by the sun, is usually red, 
yellow, or silver colored, much like the ordinary clouds as they appear 
just after sunset. The greenish luminosity of trains seen at night may 
be due to continued brush-like electrieal diseharges near the border of 
the train, but it is probable that it 1s the phosphorescence of the rarefied 
atmospherie air in or around the train. ‘This hypothesis is suggested 
by the following experiments. 


EXPERIMENTS ON PITOSPITORESCENT GASES IN THE LABORATORY 


An attempt has been made to reproduee the phenomenon of the 
meteor train in the laboratory. One of the interesting effects produced 
under certain conditions in a vaeuum tube by electrical discharges is 
the phosphorescence of the partieles of gas which still remain in the 
tube. This after-glow has been the subject of careful study. This 
type of luminescence is, of course, not the same as the oxidation of the 
element phosphorus, and is apparently different from, though very simi- 
lar to, the phosphorescent hight given out by inseet larve, like the glow- 
worm, and insects sueh as the firefly. Phosphorescenee is named for 
its likeness to the slow burning of phosphorus, but in the case of solids 
and gases, aceording to the best authorities, it is due to an unstable 
chemical condition, brought about by the exeitation by hght or by elee- 
trical discharges. The production of the phosphorescent ght or after- 
clow is supposed to take place while the substanee is returning to the 
former stable chemieal state. 

In one of the illustrations a photograph is shown of a vaeuum tube 
contaimimg a gas at low pressure, which is illuminated by gas phospho- 
rescence. ‘The gas was previously excited by an electrieal discharge, 
but at the time the picture was taken all electrical discharges had been 
entirely cut off. Thus the photograph was taken by means of the 
phosphorescent light of the gas alone, no other hght and no eleetrieal 
discharge directly contributing to the formation of the picture. The 
gas which is glowmg is atmospheric air with most of the oxygen ex- 
tracted, and therefore is chiefly mitrogen. This gas phosphoreseenee has 
many points of resemblanee to the meteor train, the chief of which are 
first, it is formed at a density of the air that, as near as can be deter- 
mined, is the same as the computed density of the atmosphere at heights 
where metcor trains oceur. Second, the comparison of observations of 
the spectra of meteor trains and those of gas phosphorescence apparently 
show that both are the same kind of spectra, although the loeation of 
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Fic. 8. Vacuum TUBE USED TO PrRopucE GAS DPIHOSPITORESCENCE AND PHOTO- 
GRAPH OF GAS PHOSPHORESCENCE TAKEN BY ITS OWN LiGut. Rapid oscillating elec- 
trical currents are sent through the coils about the vessel. 


the spectrum lines of the former have not been determined. The gen- 
eral color of the phosphorescence in air is greenish-yellow which sug- 
gests the observed green color or meteor trains. Third, that recently 
by laboratory experiments the author of the present article has de- 
termined the law of the diminishing intensity of gas phosphorescence 
at successive intervals of time after the phosphorescence has been 
formed. The results of these experiments show that if the ]umimous 
meteor train is phosphorescent gas, the long duration of its visibility, 
often of half an hour, is readilv explained from the law of the slow 
decaying or dying out of the luminosity shown by experiments on 
phosphorescent gases. This evidence and other facts point strongly to 
the hypothesis that the meteor train seen at night is due to phosphores- 
cence of gas in the meteor’s track. 


How THE Mertreor Trains MAY BE FoRMED 
In the great Leonid meteor shower of November, 1866, and the 
showers following in the years 1867-68, it was noted at several observ- 
atories that the persistent luminous trains of meteors were not formed 
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throughout the entire length of the visible path of the meteor. These 
observations are substantiated by the others more recently made. In Fig. 
9, the tracks of seventeen trains are shown. The lengths of the paths 
with respect to altitude are drawn only. The paths of the meteors had 
different slants and hence differed in length very much more than shown 
in the drawing. The location of the persistent train is indicated with 
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Fic. 9. CHART GIVING VERTICAL PROJECTIONS OF THE PATHS OF SEVENTEEN 
Metrronrs, showing the altitudes of the trains. In a number of cases the mean altitude 
of the train has been measured only. 


respect to the length of the entire track or trail, and it is evident from 
the chart that the production of the long enduring glow has something 
to do with the altitude of the meteor above the earth. As already 
stated, the upper and lower limits of the zone in the atmosphere where 
the trains are formed appear to be usually about sixty and fifty miles 
respectively from the earth’s surface. If the glow is considered to be 
a phosphorescence of the rarefied air in the meteor’s track, the con- 
clusion that must be drawn, based on laboratory experiments, is that 
the barometric pressure at these heights is not far from two-tenths of 
a imillimeter of mercury, or, in the neighborhood of from one two-thou- 
sandth to one four-thousandth of the pressure at the surface of the 
earth. Any information relating to the density of the atmosphere at 
great altitudes would he of value, making this part of the research an 
important one. 
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Tt has been shown by the work of physicists, and particularly by 
the recent researches of Professor Richardson, of Princeton Univer- 
sity, that when a body is very hot an immense number of negatively 
charged corpuscles or ions are given forth from the body. Atr con- 
taining free ions becomes a conductor of electricity, hence we have in 
a meteor rushing through the atmosphere a condition extremely like a 
very long electrical discharge tube containing a gas at low pressure. 
The passage of the burning meteor through the atmosphere must form 
a column of highly ionized air thirty or forty miles in length. More- 
over, at a certain altitude, corresponding to a pressure near two-tenths 
of a millimeter of mercury pressure, or about from one two-thousandth 
to one four-thousandth of one atmosphere pressure, the conditions are 
precisely right for the formation of phosphorescence in the meteor 
track. If at different levels in the upper atmosphere the air is at dif- 
ferent electrical potentials, discharges must certainly occur in the 
meteor’s track, and the burning meteoric mass thus may readily play 
the part of an incandescent electrode in a very long discharge tube, the 
column of ionized air being a ready conductor of electricity. When the 
meteor nucleus has been consumed, all that remains visible in the dark 
sky is the bodv of phosphorescent gas in the part of the track where 
the gas pressure conditions were correct for the formation of the per- 
sistent glow. 

Under the above circumstances, it is not surprising that luminous. 
effects are produced in the meteor train zone of the upper atinosphere 
where the density of the air is apparently the same as that at which 
luminous effects can be produced in vacuum tubes in the laboratory by 
even very weak electrical discharges. 

It is not certain that electrical discharges takes place in the meteor 
track, but they may not even be essential for the formation of the phos- 
phorescence. It has already been pointed out that the flight of a 
meteor through the atmosphere at the rate of twenty to thirty miles a 
second produces an exceedingly high temperature immediately about 
the meteorite, probably a matter of many thousands of degrees. The 
air thus heated and highly ionized by the burning meteorite, a condi- 
tion which is sure to oceur, may readily suffer chemical or physical 
changes in its composition which on gradually reverting to its original 
state gives out a long-enduring phosphorescent glow, just as is appar- 
ently the case in the formation of gas phosphorescence. Thus it is not 
unlikely that the production of the phosphorescent light of the meteor 
train is connected directly with the highly lonized state of the air and 
that this condition is produced by the outpouring from the intensely 
heated meteor of electrons, those electrically charged minute particles 
discovered by Sir J. J. Thomson which are supposed to play the im- 
portant role in all electrical phenomena. 
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PEs: PROGHESS OF SCUENCH 


THE EXTENSION OF THE AMER- | 
ICAN MUSEUM OF NATURAL 
HISTORY 
New York Ciry has provided with 
wise foresight for the museum that it 
will need in the future by setting aside 
for the purpose the whole of Manhat- 
tan Square, extendmg from Central | 
Park to Ninth Avenue and from 
Seventy-seventh Street to Highty-first 
Street. The south side of the building | 
now erected provides galleries of pro- 
portions not equalled by any municipal | 
museum, and the completed structure 
will surpass any national museum. | 
New York is growing more rapidly | 
than London and will soon be the 
largest city im the world, even without 
counting the population of the New 
Jersey cities which form part of its 
social and intellectual life. The Public 
Library, which has just been formally 
opened, the Metropolitan Museum of 
Art, the Zoological and Botanical Gar- 
dens, the buildings of Columbia Uni- 
versity, New York University and the | 
City College are planned in a manner 
fit for the greatest city in the history 
of the world. Its vast wealth can be 
put to no more worthy use than to give 
material expression to the 
place that science, art and education 

should hold in the community. 

The accompanying illustration, given 
here by the courtesy of the president 
of the museum, shows the design for 
the eastern facade of the great build-: 
as sketched by the architects, | 
Messrs. Trowbridge and Livingston. 
It has not been adopted by the trus- 
tees, but indicates the development that 
is proposed. The general style of the 
Romanesque architecture of the south- 
ern tacade is somewhat modified in the 
direction of greater simplicity. The 
monumental faces Central 


dominant 


mg, 


building 


adapted to 


Park, and will become part of the park, 
being led up to by a driveway which 
might ultimately cross to the Metro- 
politan Museum, 

A building of this magnitude will 
give ample space for the ideal develop- 
ment of a museum of natural history. 
As President Osborn has pointed out, 
there are three ways in which the col- 
lections should be exhibited—system- 
atie, geographic and evolutionary. In 
one part of the museum, in accordance 
with the plan that is followed in most 
institutions, animals would be arranged 
for comparative study in accordance 
with their scientific relationships from 
whatever part of the world they may 
have been collected. A geographic 
sequence, as used by Alexander Agassiz 
in the Harvard Museum of Comparative 
Zoology, is equally instructive. The 
animal life of each region is shown 
together. The plan is especially well 
anthropological exhibits. 
Not less important than the distribu- 
tion in space is the evolution in time, 
and an impressive series of connecting 
halls is planned for the fourth floor of 
the east side of the building, where the 
visitor can pass from the dawn of life 
throngh the ages of molluses, of fishes, 
of amphibians, of reptiles and of mam- 


mals, until the age of man is reached. 


A great museum has two objects, 


neither of which can be subordinated 


to the other. It aims, on the one hand, 
to arrange exhibits which are instruc- 
tive and interesting to the publ and, 
on the other, to advance science by its 
expeditions and the study of its col- 
leetions. Under the long and devoted 
presidency of My. Morris K. Jesup, 
with Dr, Hermon C. Bumpus as di- 
rector during the later years, the Amer- 
ican Museum accomplished much in 
both directions, but the main emphasis 
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was placed on the educational side. It 
has led in artistic methods of mounting 
animals and exhibiting groups and has 
perhaps more than any other museum 
developed public lectures and relations 
with the schools of the city. Under 
President Henry F. Osborn, elected to 
the office in 1908, and under Dr. F. A. 
Lucas, elected director in May of this | 
year, we may be sure that the popular- | 
ization of the exhibits will be carried 
forward, while at the same time every 
effort will be made to draw to the | 
museum oflicers of the highest scien- 
tifie standing and to give them full. 
opportunity to use its resources and | 
collections for the advancement of | 
science. 


THE PROTECTION OF THE FUR | 
SEALS | 


THE fur seal treaty signed at Wash- | 
ington this month by representatives | 
of the United States, Great Britain, 
Russia and Japan is the solution of a 
problem of much scientific and prac- 
tical interest and at the same time an 
important extension of international 
arbitration. By the treaty the United 
States and Russia agree to give Canada 
and Japan thirty per cent. of the skins 
of the seals killed on the rookeries on 
condition that they will refrain from 
pelagic sealmg. ‘The powers agree to 
admit no skins the origin of which is 
unknown, and steps are to be taken to 
persuade other countries to prevent the 
use of their flags on the high seas by 
poachers. Provision is made for ig 
patrol of the waters by representatives 
of the nations concerned. The agree- 
ment is to last for fifteen years and 
thereafter unti] it is denounced by one 
of the powers. 

There is thus settled a problem that 
for many years has offended humani- 


tarian sentiment and has even been in | 
danger of causing international ecom- 
In the year 1882 there were 
more than two million seals which went 
annually in the spring to the Pribilof 
and Commander Islands, where their 


plications. 


‘inent has received about ten 
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young were born and reared. At about 
that time pelagic sealing, or the killing 
of seals on the high seas, came into 
vogue, the number of skins taken in- 
creasing from 10,000 in 1881 to 62,000 
in 1894, It is said that for each skin 
taken, probably four seals are killed 
and lost. Eighty per cent. of the seals 
killed in this way are pregnant fe- 
males, which at the same time are nurs- 
ing their pups on shore, and the death 
of each sacrifices three lives. It is no 
wonder, consequently, that the whole 
number of seals has now been reduced 
to 150,000 and that they, like the sperm 
whale, are in danger of extinction. 
The seals on their breeding grounds 
can be treated like other domestic 
animals. The seal is polygamous and 
each male tries to obtain a harem of 
from ten to one hundred females. As 


‘there are an equal number of males, 


most of them can not succeed; they are 
isolated by the other males, and can 
be driven off like a flock of sheep and 


killed without injury to the herd, in- 


deed, with benefit to it, as the fighting 
between the males and the incidental 
killing of females and young is thus 
prevented. 

Since 1870 the United States govern- 
million 
dollars by leasing the right to kill 
superfluous males on the Pribilof 
Islands—a larger sum than was paid 
for Alaska, In 1893 an agreement was 
made by which Canadians undertook 
not to engage in pelagic sealing within 
sixty miles of the Pribilof Islands, 
Russia and the United States having 
already forbidden this practise to their 
citizens. It was, however, found pos- 
sible to engage in pelagic sealing at 
greater distances from the islands, and 
the greatest difficulty was caused by 
the Japanese, who were not a party to 


the agreement, engaging in pelagic 
sealing within three miles of the 
islands. In 1909 the Japanese pelagic 


fleet consisted of 23 vessels compared 
with five from Canada. Hence the 
need of the new treaty, which has been 


Dr. G, JOHNSTON STONY, FES, 


the eminent astrophysicist. born in Treland in ise, died in London on July 5, 1911. 
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so happily executed. <A_ little while 
sinee, it is not likely that the United 
States would have paid Japan to re- 
frain from killing animals which we 
regard as ours. The execution of such 
a treaty promises well for the possi- 
bility of similar efforts to preserve the 
sperm whales and for engaging 
other enterprises of international con- 
servation. 


in 


SCIENTIFIC ITEMS 


WE record with regret the death of 
Dr. Carl Beck, of St. Mark’s Hospital, 
New York City; of Dr. I. W. Black- 
burn, pathologist at Washington, and 
of Sir Rupert Boyce, professor of 
pathology in the University of Liver- 
pool. 


Dr. Ropert A. Harper, professor of ' 


botany in the University of Wisconsin, 


has been elected Torrey professor of | 


botany at Columbia University.—Mr. 
Leonhard Stejneger has been appointed 
head curator of the department of biol- 
ogy in the U. 8. National Museum to 
succeed Dr. F. W. True. 


Dr, ABRAHAM JACOBI, emeritus pro- 
fessor in Cvlumbia University, was 
elected president of the American Med- 
ical Association, at the Los Angeles 
meeting.— Professor William G, Ray- 
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mond, dean of the College of Applied 
Seience at the State University of 
Fowa, has been elected president of the 
Society for the Promotion of Engineer- 
ing Education. 


THE University of Gottingen has 
conferred the honorary degree of doc- 
tor of philosophy upon Professor Albert 
A. Michelson, head of the department 
of physics at the University of Chi- 
cago, and retiring president of the 
American Association for the Advance- 
ment of Science.—The George Wash- 
ington University has conferred the 
honorary degree of doctor, of medicine 
on Dr. L. O. Howard, chief of the 
Bureau of Entomology and permanent 
secretary of the American Association 
for the Advancement of Science, for 
‘‘distinguished services to science in 
relation to preveutive medicine.’’ 


THE building named for Dr. Edward 
Williams Morley at the Western Re- 
serve University and devoted to the 
departments of chemistry and geology, 


occupied this year for the first time, 


was opened for formal public inspee- 
tion during commencement week. The 
building contains a tablet, bearing 
testimony to Dr. Morley’s work in 
science, and to his thirty-seven years 
of active serviee in Western Reserve 
Cniversity. 
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HE scientific bureaus of the government in Washington are con- 

ducting investigations on a scale and of a degree of merit not 

fully appreciated by the public because so little is known about them. 

The Imperial Institution known as the Reichsanstalt in Charlottenburg, 

a suburb of Berlin, has acquired international fame; and the National 

Physical Laboratory at Teddington in the environs of London is nearly 
as famous as a government institution of research. 

In no way inferior to these is our own Bureau of Standards, situated 
out on the hills in Washington toward Chevy Chase. It has just com- 
pleted its tenth year. Its activities in the interest of standards of 
measurement and of excellence entitle it to as high a position in popular 
favor as it already enjoys in the esteem of scientific workers and of 
those applving scientific data to practical ends. 

The two prime functions of the bureau are to serve the government 
and the larger clientele of manufacturers and ultimate consumers. To 
which beneficiary precedence should be given is a question: happily 
whatever serves the one serves also the other. 

The bureau is by law the custodian of all physical standards, and is 
authorized by the act creating it to exercise such functions as are 
necessary for their constrnetion, comparison, maintenance and dis- 
semination. In addition to these duties is the highly important one of 
defining standards of excellence for manufactured articles and 
materials of construction of which the departments of the government 
are large consumers. 

The division of electricity has made its full quota of contributions to 
the fixing of standards of electrical measurement in comparison with 
similar institutions of other governments. In recognition of this fact, 
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one delegate each from the Physikalisch-Technische Reichsanstalt of 
Germany, the National Physical Laboratory of England, and the 
Laboratoire Central d’Electricité of France came to Washington in 
April, 1910, and in cooperation with representatives of the Bureau of 
Standards carried out an extended series of experiments on the three 
fundamental standards of resistance, current and electromotive force. 
As one result of this cooperative work an agreement has been reached 
with respect to the value to be assigned to the Weston normal cell; it has 
been accepted by the International Committee on Electrical Units and 
Standards, and is therefore universal. The difficulties in the way of the 
complete unification of international electrical standards have now 
practically all been resolved. 

In the other field of defining and maintaining standards of excel- 
lence, this division has been no less successful. The incandescent lamp 
industry is a shining example. Before the establishment of the 
bnreau, the navy department was under the necessity of seeking the serv- 
ices of the German Reichsanstalt for the purpose of standardizing 
lamps for use in the naval service. At that time the different depart- 
ments of the government purchased lamps on independent contracts, 
while purchasing agents had no scientific means of justifying awards. 
Hence the intrusion of political influence with the object of securing 
contracts for friends or constituents. Criticism of such action was not 
justified so long as the government was without the means of defining 
and defending standards of excellence to which the articles purchased 
should conform. 

It has happened in the past that awards have been held up by con- 
gressional influence, and the awards have been modified to include the 
product of small manufacturers, who claimed to make lamps in every 
way the equal of those made by the large manufacturers of wider 
experience and technical skill. Subsequent tests at the bureau showed 
that some of these added awards were filled by lamps which did not meet 
the requirements of the contract, and they were rejected. 

At the present time the general supply committee awards contracts 
for all departments of the government and the Secretary of the Treas- 
ury signs them. This year the contracts for the list of articles for 
which the committee has made awards aggregate about nine million 
dollars. All departments are furnished with lamps purchased under 
uniform specifications, and tested the year round by the bureau. More- 
over, the government now has the advantage of million rates instead of 
the higher prices attaching to contracts for smaller numbers. 

The lamp contract of the government calls for about one per cent. 
of the incandescent lamps made in this country. The other 99 per cent. 
are sold to the general public. If the government took the best million 
made, while lamps of lower efficiency and shorter life were sold to the 
public, the government would be the gainer at the expense of other 
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consumers. But the fact is that the check held by means of the life and 
efficiency tests made at the burean, and by the work of inspectors who 
visit lamp factories with burean standards and instruments, has had the 
effect of gradually raising the quality of all lamps made: so that the 
consumer at large has profited cqually with the government in the 
improvement of the lamp product. The burean cooperates with the 
technical staff of the best manufacturers, large and small, and is in this 
way influential in raising the standard of excellence. Since the lamp 
trust fixes and maintains prices, the only advantage the government 
gains by competition is the competition in excellence. A consignment 
of 50,000 lamps has just been rejected because they fell ten per cent. 
helow the guaranteed life. 

The work of other divisions of the bureau, while not appealing 
perhaps so directly to popular interest, are of no less value to the public 
weal. For example, the burean is the legal custodian of the inter- 
national primary standards of length and mass in the form of the 
national prototype meter and kilogram, by which the yard and the pound 
are respectively defined. From these and by methods and instruments 
of the highest preeision our customary commercial and_ scientific 
standards are derived. In fact the integrity of onr gold and silver coin- 
age can be maintained only by occasional refined checks against the 
ultimate standard of mass in the vaults of the bureau. The prototype 
standards are composed of incorrodible metals in alloy; no standard 
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made of brass, for example, could be trusted to withstand the effect of 
oxidation during a long period of years, though happily a recent test 
at the bnreau of the celebrated brass “ troy pound of the mint” shows 
that it has not changed in the 83 years since it was received from Eng- 
land by more than 0.005 grain. 

The Coast and Geodetic Survey is engaged in extending its measure- 
ments across the continent by means of triangulation. Formerly the 
survey lad only about twelve base lines, each from five to ten miles m 
length, extending 3,000 miles from the Atlantic to the Pacific. These 
base lines had been measured with the greatest precision and at mght 
to avoid temperature changes. The department is at present engaged 
in fillimg in mtermediate base lines, which can now be measured readily 
hy means of modern steel and “ imvar” tapes to one part im a million. 
Moreover, the work can be done daytimes and with steel tapes under 
known tension. The bureau compares these tapes, under the same 
tension and at the temperature of melting ice, with the primary stand- 
ard of length. the national prototype meter. Thus it comes to pass that 
our continental surveys from Maine to California, and even to Alaska, 
ave on the sane basis of measurement as those made in other parts of 
the civilized world. 

The bureau is charged with the duty of furnishing to the several 
states commercial standards of weights and measures im common use. 
It offers its services free to the state authorities and invites to a con- 
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ference every year state and city sealers of weights and measures for the 
purpose of discussing the best methods of securing the use of legal 
measures of all sorts, and the prevention of frauds by the commercial 
use of fraudulent weights. The frauds committed against the 
government by the sugar refiners were nothing in comparison with 
those perpetrated on the people by short weight in small commercial 
transactions. 

The bureau has in the field a force of inspectors, cooperating with 
the state authorities in the detection of fraudulent weights and of short 
liquid and dry measures. Some of these are used innocently, but many 
show unmistakable fraudulent intent. The fifth annual conference on 
weights and measures adopted a resolution favoring legislation requir- 
ing that all containers be plainly marked to indicate their net content; 
also that authority be given to the Bureau of Standards by congress to 
pass on types of weighing and measuring devices used in trade. 

The division of heat has had a particularly arduous task to perform. 
In contrast to the certainty and permanency of standards of length and 
mass, and of electrical quantities, there have been great discrepancies in 
temperature scales and the thermal constants depending on them. The 
standards used by different makers of thermometers were not in agree- 
ment with one another, nor did they agree with the accepted gas scale. 
‘here were marked differences even between the usual limits of freezing 
and boiling, or 0° and 100° C. When the work on thermometry was 
undertaken, a Jarge per cent. of American-made thermometers for tem- 
peratures as high as 400° to 500° C. were subject to changes of 30° or 
40° when exposed to the high temperatures they were designed to 
measure. Further, the average clinical thermometers, used so exten- 
sively by physicians, were subject to errors exceeding the limit of 
tolerance. At least 30 to 40 per cent. of the clinical thermometers on 
the market at the beginning of the work would have failed to pass the 
requisite test; to-day only about five per cent. fail. The burean now 
tests many thousands of them annually. So great has been the improve- 
ment in American-made thermometers that the German makers are 
complaining more and more of the loss of American trade in thermom- 
eters; and some familiar types of mereury-in-glass thermometers are no 
longer classed as struments of precision. 

Not only has the bureau authoritatively fixed the scale ranging 
from 0° to 500° C., but it has met a demand for the accurate measure- 
ment of very high temperatures by investigating optical and radiation 
pyrometers, in which the temperature of an incandescent body is meas- 
ured by the amount of ight or heat emitted. The intensity of red 
light emitted by a body at 1500° C. is over 130 times as great as at 1000° 
C.; and at 2000° C. it is more than 2100 times as great. Hence the 
possibility of a rough estimate of the temperature of hot bodies in the 
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arts by an experienced eye. The temperature seale of the bureau is now 
reproducible to about 1° at 1000° C. and to about 10° at 2000° C. 

It should not be supposed that the constant efforts for higher aecu- 
racy are made to satisfy the dreams of the pure seientist; they are 
demanded by the requirements of teehnieal tests and commereial proe- 
esses. The character of some products is materially affected by a varia- 
tion of 20° in the very ligh temperatures employed in their manu- 
facture, and an accuracy of about 10° is required. ‘To meet this demand 
there innst be the exereise of many preeantions and the elimination of 
many sourees of error. 

The importance of great accuracy is well illustrated by a test whieh 
the bureau was ealled on to make in a dispute between a purchaser and 
a seller of coal, in a ease where the contract was based on the heat value 
of the coal, with a penalty clause for any deficieney in the heat value, 
and a premium for any excess above the stipulated one. A difference of 
about 0.05° was fonnd between the thermometers used by the two 
parties. While this difference was small, it was sufficient to bring the 
parties into agreement, and to make a difference of some $25,000 a year 
in the money paid for the coal. 

The division of opties has been engaged in many investigations of 
moment, but none of more practical value than the improvements in 
the appheation of polarized light to the testing of sugar solutions by 
means of the polariseope. Plane polarized light differs from common 
hight in having all its vibrations reduced to a single plane. The optical 
property of a sugar solution utilized to determine the amount of sugar 
present is its property of rotating the plane of polarization when the 
polarized light passes through it. The degree of rotation determines 
the per cent. of sugar present. 

The bureau is able to make immediate applieation of its researeh 
work in this field. thus directing publie attention to the results attained. 
As a result of the polariscopice tests of imported sugars at the burean, 
the differences in the findings at the five prineipal sugar ports of entry 
have been reduced to 0.2 per cent. The importance of this work grows 
out of the fact that it increases the aceuraev of the tests made on duti- 
able sugars and rigidly defines the scientific basis on which the revenues 
from them are collected. 

The division of chemistry is in a large way auxiliarv to all other 
divisions and cooperates with them in giving sueh service as chemistry 
alone can offer. It has been indispensable in the work of the division 
of electricity; it has prepared materials in the purest form for setting up 
Weston normal cells as standards of electromotive force, and for use in 
the silver voltameter for the international unit of electric current. 

Much of the labor in testing supplies offered by the bidders under the 
new system of purchase hy the General Supply Committee devolves on 
this division. The analyses of writing and printing inks. paper, and 
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mucilage alone amount to an annual total of about 2,000 samples. 
These chemical analyses and conjoint pliysical tests furnish a scientific 
basis for more definite specifications for future purchases. 

A demand has developed for certified samples of iron and steel of 
definite composition; also for samples of sugar of the highest purity. 
Many hundreds of these are sent out annually. They are highly impor- 
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tant to encourage the growing tendency to apply pure science to com- 
mercial processes in place of haphazard traditional methods. 

The engineerme section of the burean is ove of the later ones estab- 
ished. ft has already much more than justified itself. In addition to 
the work in Washington, designed to secure fundamental data for engi- 
neers, it carries on investigations at Pittsburgh in the building turned 
over by the Geological Survey by direction of the last congress. The 
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work in Pittsburgh under the old organization formed a part of the 
technological division of the survey. 

The engineering division is performing an important service for the 
government in testing all cement made by the Atlas Cement Company 
for the Panama Canal. The company furnishes cement at the rate of 
6,000 barrels a day. Inspectors are stationed at the works, and the 
bureau maintains there a well-equipped laboratory. 

The testing of all paper purchased for the Government Printing 
Office falls within this division, in cooperation with the division of 
chemistry. Formerly bids were received on specifications, the lowest 
bid was accepted, and then the successful bidder proceeded to furnish 
the cheapest paper he could get accepted without further regard to the 
specifications. The results were that the best paper manufacturers 
refused to bid because they could not afford to sacrifice their reputation, 
and the government was defrauded. On one occasion the award for 
paper for the Bulletin of the bureau was made on specifications calling 
for paper of definite weight and half rags. When the paper had been 
made and submitted to the Printing Office, the analysis of the bureau 
showed that it contained no rags whatever, but only wood pulp. 

At present print papers are bought on rigid specifications, and 
samples of all shipments are analyzed at the bureau. The fraud per- 
petrated on the government in the matter of print paper of all grades 
has now been eliminated. 

Printing inks are purchased at present in the same manner, and 
the assistanee of the bureau has saved the government in this particular 
item enough to cover about half the cost of the inks. The saime system 
has stopped the graft by commissions once practised in the Bureau of 
Engraving and Printing by a trusted foreman. The price was very high 
on account of the generous commission allowed the foreman. Prefer- 
ences for a particular make of ink or other commodity must now be 
supported by something more than the dictum of an old employee. 

The engineering division does not confine its activities to the direct 
service of the government. Its aim is also to furnish scientific and 
physical data which lie at the foundation of engineering practise and 
design. It is now engaged in the actual measurement of the stresses 
produeing compressions and elongations in the steel members of bridges 
and other structures after erection, as compared with those calculated 
by the designers. The results of such a comparison should be of 
eminent service to engineers and makers of structural steel, as well as 
to the government in the design and construction of its battleships. 
The largest testing machine, now in process of erection at the bureau at 
a cost of $150,000, is to be a marvel of precision. It will apply a 
maximum force of compression of 2,300,000 pounds, and will measuie 
it with an accuracy of two pounds. 

This brief survey of the activities of the Bureau of Standards is 
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necessarily incomplete. It touches the high spots and refers only to 
matters likely to be of most popular interest. The work is progressing 
in all divisions with a vigor and comprehensiveness that promise 
even better results for the near future. The last congress made an 
appropriation of $200,000 for the erection of an additional building 
for the exclusive use of the division of electricity. The pay rol] of the 
burean includes about 280 names, and after July first it will be 
inereased to something over 300. The additional assistants will enable 
several divisions to push forward work of great practica] significance. 

It would be an injustice not to say that the success of the burean 
has been due in no small degree to the continuous service in their 
respective positions of Dr. 8. W. Stratton as director, Dr. Edward B. 
Rosa as chief physicist, and Mr. L. A. Fisher and Mr. Charles W. Waid- 
ner as associate physicists at the head, respectively, of the divisions of 
weights and measures and of heat. 

The scientifie conclusions and data secured are published in a series 
of bulletins, which have now reached the seventh volume and which bear 
witness to the activity of this branch of the public service. In addition 
to the bulletins, circulars on important practical problems are issued 
from time to time; these are sent freely to persons and firms likely to 
need them in their professional practise or in manufacture. It is a 
matter worthy of the highest praise that party polities has never had any 
place whatever in the support or work of the Bureau of Standards. 
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ON THE HISTORY OF INTERNAL MEDICINE? 


By JOHN BENJAMIN NICHOLS, M.D. 


WASTIINGTON, D.C. 


ae a subject of general rather than of technical interest approp- 

riate to this occasion, I propose to present a brief historical sur- 
vey and some considerations relating to the development of internal 
medicine. 

One of the primitive tendencies of human nature is the develop- 
ment and employment of procedures aiming at the relief of personal 
ailments and injuries. It is probable that all peoples have to a greater 
or less extent developed something in the way of therapeutic practises. 
Tn primitive stages of culture some agents of efficiency may have come 
into domestic and popular use: but the chief development of medicine 
in primitive societies has been in association with religions cults or 
superstitious observances. Originally medical practise was mainly a 
function of the priesthood. Even under such conditions the powerful 
force of psychotherapy must have been bronght into action so as to be 
of henefit to distressed humanity. 

Ancient writings have preserved to us some account of the thera- 
pentic inethods in vogue in the earliest historic civilizations, such as 
the Eevptian, Jewish, Babylonian, Assvrian, Indian, Chinese, ete. : 
among these medicine was chiefly practised by the priests. It was 
among the Greeks, however, and especially by Hippocrates and_ his 
associates 2,800 years ago, that the foundations were laid from which 
through a continuous line of existence and evolution can be traced the 
development of civilized medicine to its present state. Probably from 
the Egyptians and other antecedent and neighboring nations were de- 
rived some eontributions to Greek medicine, but the derivation is not 
now clearly traceable, and practically the school of Hippocrates stands 
as the originator of the present era of medicine. Since his time the 
developinent of internal medicine has been intimately involved in four 
great epochs or movements of civilization and thought, so that its 
history is divisible into the following corresponding grand epochs: 

1. Greek (also Roman and Byzantine) medicine; from before 500 
B.C. to the fall of the Roman Empire,— A.D. 476 (Rome), 640 (Alex- 
andra), 1453 (Byzantium). 

Arabian medicine; abont 750 to 1200 A. D. 


* Presidential address hefore the George Washington University Medical 
Society, May 20, 1911. 
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3. Medieval medicine; about 500 to 1825. Monastic medicine; 
500 to 1200. Scholastic medicine; 1200 to 1600. Systematic medicine ; 
1600-1825. 

4. Modern medicine; since about 1825. 

Greek Medicine-—The early medicine of the Greeks, as of other 
peoples, had mythologic and theologic characteristics. ‘he god of 
medicine among them was Asclepios, or (Latinized) A‘sculapius, who 
perhaps was a real physician flourishing prior to 1000 B.C. The 
temples devoted to his cult, called Asclepicia, were located in salubrious 
situations, or at mineral springs; invalids resorted to these institutions 
in large numbers, and were ministered to by the physician-priests. 
Famous Asclepieia were situated at Cnidos, Cos, Epidaurus, Pergamus, 
Tricca, Mycenw and Sicyon. Gradually there developed in connection 
with these institutions associations or guilds of physicians called Ascle- 
plade, who devoted their entire time to medical practise and instruc- 
tion and had no priestly functions. The separation and differentiation 
of the functions of the physicians from the priesthood marked an im- 
portant step in the evolution of medicine, as it left medicine and the 
medical profession free to develop along independent lines, entirely 
dissociated from priestcraft. These associations of Asclepiade formed 
schools for medical instruction and were centers of medical thought 
and influence. Such schools or guilds were located in Cnidos (Asia 
Minor), Cos (one of the Avgean Islands), Rhodes, Cyrene (north 
Africa), and Crotona (Italy). The two most noted were those of 
Cnides and Cos. Literary remains from the school of Cnidos have 
probably survived in the Hippocratic writings; while the school of Cos, 
which was flourishing prior to 500 B.C., produced the illustrious Hippo- 
crates. 

Hippocrates lived from about 460 to 377 B.C., a period when Greek 
culture and civilization were at their zenith. Originally trained in 
the temple and school of Cos, he traveled extensively and resided and 
practised in various places. His fame is derived from his writings. Of 
the works attributed to him, about sixty in number, only some ten to 
seventeen are regarded by the critics as being indisputably his produc- 
tion, the rest having been written by others before and afterward. 

The Hippocratic writings constitute a systematic and comprehen- 
sive presentation of medical and surgical observations, doctrines and 
practise. Especial attention was given to prognosis, dietetics and 
meteorological conditions as causes of disease; and the beginning was 
presented of the humoral pathology, which for ages dominated medi- 
cine. All this mass of knowledge and doctrine could hardly have been 
discovered or elaborated by Hippocrates himself, but was probably 
mainly the accumulated knowledge of his predecessors first placed in 
literary form by him, and illuminated by his own keen observation, 
criticism and individuality. 
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There is little in the writings of Hippocrates of direct value to us 
to-day ; yet while crude, imperfect, and visionary, they were of pro- 
found importance in the development of medicine. They constitute 
the first systematic literary presentation of pure medical science and 
art, aside from sacerdotal systems. They were, for the time, a very 
creditable beginning toward the development of rational medicine; and 
had progress in the subsequent ages been as substantial as that in the 
brief time prior to Hippocrates, the history of internal medicine for the 
ensuing two thousand years wonld not have been one of stagnation 
and inefficiency. Hippocrates showed himself to be a keen observer of 
clinical phenomena, a master clmician, and the part of his work of 
permanent value was the accumulation of clinical facts by observa- 
tion, or the empirical method of developing medical knowledge which 
time has shown to be the only efficient method. Hippocrates displayed 
the noblest conception of the medical vocation, and in this, with his 
method of developing clinical knowledge, he set a standard and example 
for all time. 

The doctrines of Hippocrates did not immediately gain general 
acceptance; soon after his death they nearly fell into oblivion, but six 
centuries later they were revived and given a vogue by Galen and then 
attained a dominant influence which they continued to exercise until 
the dawn of the modern era. During the interval between Hippocrates 
and Galen (B.C. 400 to 200 A.D.) a number of medical systems devel- 
oped and continued in force for varying periods. The principal of 
these systems were: 

1. The Dogmatic School.—This, based on the theories of Plato 
(B.C. 427-3847), was developed by the immediate successors of Hippo- 
crates, but it survived for only a few decades. The doctrines of this sect 
were highly speculative, and the humoral pathology was a fundamental 
tenet. 

2. The school or following of Herophilus, originally iocated in 
Alexandria, flourished about B.C. 290 to A.D. 100. Herophilus, its 
founder, lived about 335-280 B.C., was one of the earliest anatomical 
investigators, and in part followed Hippocrates. 

3. The school of Erasistratus, a famous contemporary and rival of 
Herophilus, also of Alexandria. His following flourished about B.C. 
280:t0 ADDY 200. 

4. The Empirical School, which existed abont B.C. 280 to A.D. 11%, 
was hased on the skeptical philosophy of Pyrrho (B.C. 376-288). It 
rejected hypothetical speculations on the underlying causes and nature 
of phenomena, and recognized as valid only such knowledge as was 
derived from observation and experience. This school, therefore, had 
the only successful method of developing knowledge, identical with the 
modern inductive and scientific method, but it was not acceptable to the 
ancient and inedieval habits of thought. 


THE HISTORY OF INTERNAL MEDICINE 233 


5. The Methodist School was founded by Asclepiades (B.C. 128-56) 
and his pupil Themison. It was an application of the atomic philosophy 
of Leucippus and Democritus to medicine, holding that vital and morbid 
phenomena depended on the movements of atoms or particles through 
pores in the body. The methodist doctrines exerted a strong influence 
on medical thought for many centuries. 

6. The Pneumatic System, about A.D. 70 to 160, was founded and 
chiefly represented by Athenwus of Attalia. Its pathology was based 
on an aerial or gaseous principle. 

7. The Eclectics, who date from abont 50 A.D., had no common or 
distinctive views, but individually developed widely differing systems. 
Among them were included some of the most eminent physicians of 
antiqnity. Areteus (about 30-90 A.D.) was one of the earliest and 
most distinguished. Two other eminent writers of about that period 
deserve mention, namely, Celsus (about 30 B.C. to 50 A.D.), a brilliant 
encyclopedic writer on medicine, and Dioscorides (40-90 A.D.), who 
wrote a treatise on materia medica which remained an authority almost 
to modern times. 

The greatest of the Eclectics was Claudius Galen (about 131-206 
A.D.), of Pergamus and Rome. He received an exhaustive education 
at Pergamus (in Asia Minor), and other educational centers, and espe- 
clally at Alexandria. He was a most prolific writer, not only on medi- 
cine but on other subjects, his works numbering between three and four 
hundred. He made important and extensive original contributions on 
anatomy and pharmacology. In internal medicine his system to a con- 
siderable extent was a revival and amplification of the doctrines of 
Hippocrates. So powerful was his influence that for nearly fifteen 
centuries Hippocrates and Galen continued the main authorities and 
basis of medicine. 

From about the second century B.C. Greece and the entire civilized 
world of that time had come under Roman dominion: but thongh the 
political administration was Roman the culture and civilization of the 
Roman Empire was of Greek origin and character. The early medicine 
of the Romans was very crude, consisting mainly of superstitious obser- 
vances under the auspices of soothsavers and priests; and there was no 
important Roman addition to medical knowledge. Later, Greek medi- 
cine and practitioners were introduced among the Romans, and _ pre- 
vailed until the fall of the Empire. <Asclepiades (B.C. 128-56), the 
founder of the methodist school, was one of the main agents in estab- 
lishing Greek medicine in Rome. Alexandria was for centuries the 
greatest center and headquarters of learning and education of the ancient 
world; it contained a vast library and produced important systems of 
philosophy and medicine. 

Subsequent to Galen medicine in the Roman Empire came to a stand- 
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still or suffered decline, and the few writers who attained any note were 
little more than compilers of and commentators on the more ancient 
authorities. Greco-Roman medicime came to an end in the west with the 
fall of Rome in 476 A.D., while the capture of Alexandria and burning of 
its great library by the Arabians about 640 ended the intellectual influ- 
ence of that city. In the Eastern or Byzantine Empire, Greek medicine 
continned for a longer time, overlapping the Arabian period. Among 
the important writers or compilers of this later (post-Galenie) period 
may be mentioned Oribasius (A.D. 326-103), Alexander of Tralles 
(525-605), and Paul of A%gina or Paulus Aigineeta (about 600). Ulti- 
mately Greeo-Byzantine medicine declined with the decay of the Eastern 
Empire, its last distinguished exponent being John Actuarins (died 
1283) ; and the last remnant of the Roman Empire and of direct Greek 
influenee came to an end with the capture of Constantinople by the 
Turks in 1453. 

Arabian Medicine-—Soon after the Roman Empire fell, another 
people, the obsenre Arabian tribes. energized by the religion 
founded by Mahomet, burst forth and established a vast dominion 
under whose fostering care enlightenment and learning were carried 
along during the centuries while Europe floundered in darkness and 
chaos. The Moslem era is dated from the Hegira, or flight of Mahomet 
from Mecea, in 622. Within a few years from this the Arabians, 
organized and inspired by the new religion, overran and conquered 
western Asia, northern Africa, and Spain, and over that wide territory 
established a dominion that lasted for six centuries. This dominion 
soon broke up into two independent divisions or sovereignties, the 
eastern Caliphate, embracing the Asiatie territories, and the western 
Caliphate, in Spain. About 750 two enlightened dynasties were 
founded, one in the east with its capital at Bagdad, the other in Spain 
with its capital at Cordova, both of which enconraged and developed 
culture and education to a Ingh plane. ‘The Moorish dominion in 
Spain was broken in 1212, and the eastern Caliphate was overthrown by 
the Mongols in 1258. The Arabian period of culture therefore covered 
the years from about 750 to 1200. 

During this period the Arabian scholars collected and translated the 
learning of the Greeks, Persians and Indians, and cultivated the arts 
and sciences, espeeially architecture, philosophy, mathematics, astron- 
omy, geography, alchemy and medicine. In some branches they made 
notable advanees, as in mathematics; but in the main their chief ser- 
vice was more in conserving the learning of the past than in creating 
new knowledge. Important schools, libraries and hospitals were estab- 
lished, especially at Bagdad and Cordova, but also at Damascus, Samar- 
cand, Bokhara, Seville, Toledo, Granada and numerous other cities. 

In medicine the Arabians displayed great interest and proficiency, 
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and they produced a large number of writers and authorities on this 
subject. ‘These were mainly translators, compilers and commentators of 
the Greek medical writings, so that their chief service to medicine was 
the preservation and transmission to succeeding ages of Greek medical 
lore; although they did make some material contributions in the 
differentiation of eruptive fevers and the introduction of certain drugs. 
The Arabians adhered quite closely to the authority of Galen. Of the 
large number of known Arabian medical writers three stand preeminent, 
Rhazes (850-932) and Avicenna (980-1037) of Bagdad, and Averroes 
(1126-1198) of Cordova. 

Jedieval Medicine-—During the four or five centuries following 
the fall of Rome (476), known in history as the Dark Ages, medicine 
in Europe shared in the general intellectual torpor of the period. No 
eminent medical writer or practitioner appears in the annals of chris- 
tendom during this time. It is probable that the traditions and practise 
of Greek medicine gradually declined and the practitioners of the art 
became greatly degraded from their former standing. Ultimately 
medical and surgical practise came largely into the hands of members 
of religious orders (monastic medicine). 

The revival of medical science in medieval Europe dates from the 
development of the famons secular medical school and university of 
Salerno in Italy, the first of the great European universities. Salerno 
was a salubrious town and health resort located on the seacoast a short 
distance southeast of Naples. The origin of the medical school at 
Salerno is obscure; it may have been founded by Charlemagne, and it is 
also supposed to have had early relations with the famous Benedictine 
monastery of Monte Cassino, north of Naples, which was itself a seat 
of a hospital and monastic medical school. The propinquity of Salerno 
to Sicily, which for a time was under Saracen dominion, made the 
Arabian influence accessible. The school of Salerno was in operation 
by the middle of the ninth century (846), Greek (Hippocratic) medi- 
cine being cultivated. The most famous and influential of its earlier 
teachers was Constantinus Africanus (1018-1087) of Carthage, who 
had traveled and studied extensively, and is credited with having intro- 
duced Arabian learning into Europe; he later hecame a monk at Monte 
Cassino. The school at Salerno was at the height of its fame and influ- 
ence, Which extended all over Enrope, during the eleventh and twelfth 
centuries, but after the establishment of the great European universities 
in the thirteenth century it lost its preeminence and rapidly declined, 
though it continued in nominal existence until the nineteenth century. 

The second European medical school was that of Montpellier, near 
the Mediterranean coast of France. The date of its establishment is 
unknown, but it was in operation in 1137; it attained the highest repute 
as a medical school, and has ever since continued in a flourishing and 
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influential existence. There was a celebrated hospital at Montpellier, 
taking advantage of the salubrious climate of the Riviera, and its proxi- 
mity to Spain made the Moorish learning accessible. 

The thirteenth century, in which occurred the downfall of Arabian 
empire and culture, saw in Europe a great intellectual revival. Many 
ereat universities were founded within a few decades from the year 
1200, such as those of Bologna, Padua, Naples and Rome in Italy, Paris, 
Orleans and Toulouse in France, Oxford and Cambridge in England, 
and others. The medical instruction given in these institutions, and in 
others founded later, has ever since been the fountain of medical knowl- 
edge for the world and conferred upon the medical profession the stamp 
of learning and repute. 

During the middle ages medicine shared in the intellectual charac- 
teristics of the period. It was an age of dogmatism and intellectual 
narrowness ; the church exercised a censorship over all thought, and all 
tendency to mental independence and originality was repressed. The 
empirical method of gaining knowledge, that is, the accumulation of 
facts by direct and careful observation and study of natural phenomena, 
was rejected. This method was too slow and laborious, and left too 
many blanks in knowledge, to be acceptable. The ancient and medieval 
philosophers preferred to construct complete schemes of the universe 
out of their own minds, and took such pride in these brilliant creations 
of their own intellects, and regarded them as so complete and perfect, 
that observation of nature was regarded as superfluous and unnecessary. 
Men engaged in fine-spun controversies over metaphysical and theo- 
logical subtleties and dwelt on the unimportant and unreal trivialities 
of their subjective philosophies, to the neglect of the important and real 
things of the objective world. Schools were plentiful and vigorous; but 
they were under the ecclesiastical control and influence, and simply 
fostered the scholastic dogmatism and dialectics. There were men in 
those days with as great intellects as the world has ever produced ; but 
they frittered away their gigantic powers on inane trivialities. Dogmas 
and authorities were rigidly adhered to, originality and innovations were 
repressed, and for centuries mental advancement was inhibited. 

Medieval medicine displayed all these characteristics (scholastic 
medicine). ‘The doctrines of the ancients, especially Galen and Hip- 
pocrates, and of the Arabians were rigidly followed, and until the 
Renaissance there was no change and no progress. Medical thought was 
dominated by the humoral pathology or theory of disease, which had 
appeared as early as in the writings of Hippocrates. According to this 
theory health consisted in a perfect combination and action of the 
elements and humors of the body, while disease resulted from a derange- 
ment or corruption of them. Four humors were recognized, mucus, 
blood, bile (yellow bile) and black bile (atrabile). Mucus was sup- 
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posed to be secreted by the brain, and by flowing downward (“ deflux- 
ions’) into the respiratory and alimentary passages produced catarrhal 
and other diseases. Black bile was an entirely fanciful secretion of the 
adrenals. In erude or corrupted state the humors were supposed to be 
“ acrid ”’—toxic or morbific; during the course of the disease they were 
believed to undergo a process of ripening or digestion—* coction ” as it 
was called—to be finally expelled from the body at the crisis of the 
disease. The aim of treatment was to remove the acrid humors, or to 
promote their concoction and expulsion. Free bloodletting and other 
vigorous depleting measures were in general use. 

About the sixteenth century began the great awakening of the world 
known as the Renaissance, which marks the end of the middle ages and 
the beginning of the modern era. This movement brought about a 
revolution in medical thought and yielded enormous acquisitions of 
medical knowledge. 

The awakening in medicine was first manifested, in the sixteenth 
century, in the development of anatomical knowledge, as we have it 
to-day, under Vesalius (1514-1564), Jacobus Sylvius (1478-1555), 
Eustachius (1500-1574), Fallopius (1523-1562) and their successors, 
many of whose names are immortalized in our anatomical nomen- 
clature more enduringly and more nobly than by monuments of bronze. 
The sixteenth century saw the labors of Ambroise Paré (1509-1590), 
the father of modern surgery, and important contributions in obstetrics 
and gynecology. In the seventeenth century modern microscopy was 
developed, and modern physiology may be said to have been founded by 
the epochal discoveries of William Harvey (1578-1657) relating to cir- 
culation and generation. 

In the domain of internal medicine the Renaissance of the sixteenth 
century effected a revolution in, or release from, the rigid and dogmatic 
doctrines previously current. Nevertheless, the new doctrines were no 
nearer true or more effective than the old, and for three centuries longer 
internal medicine was destined to remain at a standstill before it too 
was really born into the family of modern sciences. 

The first change was the overthrow of the authority of Galen (and 
the Arabians), which had previously been the main support of medical 
thought. This was bronght about partly by the exact. researches of 
Vesalinus disclosing the errors in the anatomical teachings of Galen, 
partly by the effusions of the spectacular and mystical Paracelsus (1493— 
1541). The authority of Hippocrates continued to have weight for a 
much longer time. 

Subsequent to Paracelsus and the break up of the ancient and Arab- 
ian medicine there developed a succession of speculative systems or 
schools of medical doctrine and practise, each of which had more or 
less general acceptance for a while, only to die out and be superseded by 
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its sueeessors (systematic medicine). These systems were developed 
by distinguished teachers or writers, were usually mutually antagonis- 
tic, and left but ttle impress of abiding value or truth upon internal 
medicine. The chief of these medical systems were as follow: 

In the seventeenth century: 

1. The mystical system of Van Tlelmont (1578-1644), in which such 
factors as the fall of man, spirits, demons and witches figured as causes 
of disease; this system was a sort of recasting of the doctrines of Para- 
celsus. 

2. The Iatrochemical system, originated by Franciseus Sylvius 
(1614-1672), attributed the phenomena of disease to chemical causes 
(as excess of acid or of alkali); but the chemical ideas underlying the 
system were crnde and fantastic. 

3. The Tatrophysieal (Iatromechanical or Jatromathematical) sys- 
tem, originated by Sanctorius (1561-1635) or more especially by 
Borelli (1608-1679), explained physiologic and pathologie processes 
as brought about by the physical and mechanical activities of the body 
structures, and employed precise methods for measuring those activities. 
This system had considerable following, and while it may have con- 
tributed to physiologic knowledge it was ineffective as a basis for thera- 
peutics. 

4. The system of Thomas Sydenham (1624-1689), of England, 
who largely followed Hippoerates. 

In the eighteenth century: 

5. The eclectic doetrines of Herman Boerhaave (1668-1738), of 
Holland; he was preeminently a clinician, and in his day was the most 
celebrated practitioner of Europe. 

6. Animism, the spiritualistic system of Georg Ernest Stahl (1660 
-1734). 

%. The system of Friedrich Hoffmann (1660-1742), based on the 
mechanical and motor activities of the body. 

8. The system of William Cullen (1712-1790), based especially 
on the nervous activities of the body. 

9. The “Old Vienna School,’ founded by Gerhard van Swieten 
(1700-1772), and having Maximilian Stoll (1742-1787) as a distin- 
guished adherent; this school largely followed a humoral pathology, akin 
to the doctrines of Hippocrates, Sydenham and Boerhaave. 

10. The doctrine of “ infarctus,” introduced by Johann Kampf 
(published 1780), aecording to which diseases in general were due to 
fecal impactions (or “ infarcts”) and therapeusis was based on rectal 
irrigation. 

11. Vitalistic systems, based on the activities of the “ vital force,” 
supported by Borden (1722-1776), Barthez (1734-1806) of the school 
of Montpellier, Reil (1759-1813) of Germany, Bichat (1771-1802) 
of France, and others. 
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12. Brunonianisin, founded by John Brown (1735-1788) of Scot- 
land, based on the doctrine that vital and morbid processes depend 
on irritability or stimulations varying in intensity. It continued into 
the nineteenth century, especially in Germany and Italy, and has the 
evil reputation of having been the most vicious and harmful medical 
system ever practised. 

Tn the first third of the nineteenth century: 

15. The theory of excitement, a form of Brunonianism, in vogue 
in Germany. 

14. The Italian system of stimulus and contrastimutus, an offshoot 
from Brunonianisin, developed by Rasori (1762-1837). 

15. Homeopathy, founded by Hahnemann (1755-1843), first pro- 
mulgated in 1810, and still surviving as an example of ancient medi- 
al beliefs. 

16. Broussaisism, so-called ‘“ physiological medicine,” founded by 
Broussais (1772-1838) of France, and in vogue for a decade or two 
from about 1816, which looked upon gastro-enteric inflammation and 
irritation as the cause of diseases in general, 

Thns the history of internal medicine shows a snecession of ephem- 
eral svstems and theories from Hippocrates down to about the second 
quarter of the nineteenth century. In the various systems that devel- 
oped a few factors stand out prominently around which the theories 
centered. Thus, the fundamental distinction between spirit and matter, 
or between living and non-living matter, furnished grounds for basing 
medical philosophies on the spiritual (or vitalistic) principle or on 
material factors, respectively. Among the materialistic medical sys- 
tems, some (the “ solidistic ” theories) were grounded on the solid 
structures of the body, others (* humoral ~ systems) on the body flnids ; 
some ascribed vital processes and derangements to chemical activities, 
others to the physical, mechanical or dvnamic activities of the body 
structures (‘ mechanistic ” theories). 

Although centuries after the end of the middle ages in other 
respects, the second quarter of the nineteenth century may be fixed 
upon as the approximate termination of the medieval period of internal 
medicine, since down to that time the dominant tone of medical 
thought was about the same as it had been throughout the middle ages, 
or indeed since the time of Hippocrates. There had of course heen some 
advance since Hippocrates, as in the differentiation of various diseases 
and the discovery and introduction of remedial agents; moreover, the 
development of scientific anatomy, physiology and chemistry could 
hardly fail to have had a salutary influence on medicine. Yet the 
doniinant conceptions in pathology and etiology and the rationale of 
therapeutic practise were practically not more advanced, more rational, 
or more elficient a hundred years ago than they were two thousand 
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years ago. In the various systems that were propounded by the leaders 
in medicine, principles that were more or less true in a limited field 
were taken to be of universal applicability. Medical science and art 
can not, however, be reduced to one or a few general causes, laws and 
formule: cach disease is a problem by itself, which must be worked 
out in all its aspects independently of other diseases. Hence the in- 
tellectual labors of a host of ingenious and talented thinkers for ages 
were wholly wasted, and effected no real advance in internal medicine, 
because they employed fallacious methods of thought. 

Modern Medicine.—In the past seven or eight decades a radical 
transformation has taken place in internal medicine, pathology and 
therapeutics, which has put these subjects on the same high plane as 
any of the modern departments of science. There was no sharp divid- 
ing line of time between the old and the modern periods, but the new 
medicine developed gradually simultaneously with the decline of the 
old. The difference between the two depends on radical differences in 
logical method; modern medicine is developed by inductive, objective, 
empirical methods of attaining knowledge, the old doctrines were a pro- 
duct of theorizing and speculation. The evolution of modern scientific 
medicine has taken place along several independent lines of develop- 
ment. 

The first branch of internal medicine to be elaborated on sound 
foundations was pathologic anatomy, its objective and obvious data 
making it facile of study. The pioneer in this branch was Morgagni 
(1682-1772) of Italy, whose epochal work on this subject appeared in 
1761, when its author was 79 years of age. Other early workers in this 
field were John Hunter (1728-1793) of London and Bichat (1771- 
1802) of Paris. Biehat was followed by a brilliant group of French 
investigators during the first few decades of the nineteenth century, 
among the most eminent of which were Corvisart (1755-1821), 
Laénnee (1781-1826), Dupuytren (1777-1835), Andral (1797-1876), 
and Louis (1787-1872). The work of this group for a long time gave 
medicine a dominant pathologic-anatomical tone, especially in France. 

The physical examination of patients by modern methods had its 
beginning in the introduction of percussion by Auenbrugger (1722- 
1809) of Austria. Tis method was published in 1761, but attraeted no 
attention until it was revived by Corvisart (1755-1821) of France, 
who in 1808 published a translation of Auenbrugger’s contribution 
whieh effectively brought it into use. The sister art of auscultation 
was introdueed in 1819 by Corvisart’s pupil Laénnec (1781-1826). 
Since that time there have been gradually developed the multitude of 
methods, physical, instrumental, chemical, microscopic and biologic, at 
present in daily use in the examination of the sick. 

Jn the differentiation, clinieal study and practical treatment of 
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the various diseases much advance was made after the first quarter of 
the last century. The British physicians made especially valuable and 
numerous contributions in this field, displaying a practical and clini- 
eal bent contrasting with the dominant anatomical tone of the contem- 
porary French school. In the last decade of the eighteenth century 
Edward Jenner (1749-1823) had introduced vaccination against small- 
pox. The second quarter of the nineteenth century was one of active 
development and many important contributions were made by the 
British clinicians, typically and brilliantly begun by Richard Bright 
(1789-1858), of London, who in 1827 elucidated the subject of renal 
diseases (“ Bright’s disease”). Among others eminent in this period 
were William Stokes (1804—1878) and Robert James Graves (1797- 
1853), of Dublin; and John Hughes Bennett (1812-1875), of Edin- 
burgh, who was influential in bringing about the disuse of bleeding. 
The conceptions of continued fevers, which had previously always been 
vague and confused, were immensely clarified about this time by the 
differentiation of typhus and typhoid fevers as distinct diseases; this 
result was largely brought about by a contribution in 1837 by an Ameri- 
can, W. W. Gerhard (1809-1872), of Philadelphia. Anesthesia with 
nitrous oxide was introduced in 1844 by Horace Wells, a dentist of 
Hartford, Conn.; with ether in 1846 by another dentist, W. T. G. Mor- 
ton of Boston; and with chloroform in 1847 by Sir James Young 
Simpson, of Edinburgh. 

About the middle of the Jast century the medical doctrines of the 
French school were introduced into Vienna by Rokitansky (1804+ 
1878), who with Joseph Skoda (1805-1881) and others were pioneers 
in that development of scientific medicine in Austria and Germany 
which has attained such eminence. The identification of the cells of 
plants and animals by Schleiden and Schwann about 1838 opened the 
way to new conceptions of vital processes, and in 1858 Rudolph Vir- 
chow (1821-1902) presented his epochal doctrine of cellular pathology. 

The discovery of the pathogenic réle of bacteria and the develop- 
ment of bacteriologic science has been one of the most illuminating 
developments in the whole history of medicine, elucidating, as it has, 
the pathology of the large and important group of infectious diseases 
and vastly increasing the efficiency of medical and surgical treatment. 
Following earlier scattered discoveries, the great foundations of bac- 
teriology were established by Louis Pasteur (1822-1895), of France, 
beginning during the fifties of the last century. The introduction of 
improved methods of research by Robert Koch (1843-1910), of Ger- 
many, about 1882, gave the science a vast impetus. The principal ap- 
plication of bacteriologic science has yielded incalculable benefits to 
humanity, as in the introduction of antisepsis by Sir Joseph Lister 
(1827- ) during the sixties of the nineteenth century, of the spe- 
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cifie sernm and vaceine treatment of certain diseases, of prophylactie 
measures, and of the specific methods of diagnosis. 

The tremendous and revolutionary advance made by medicine in the 
past few deeades is obvions to the most superficial view. It is quite ap- 
parent that internal medieine has just been having its Renaissance, even 
within the lifetime of men now living having passed through that stage 
of development that other departments of human thought and activity 
passed through centuries ago. We have only just emerged from the 
middle ages in medicine. ‘The movement is still in unabated activity. 
The final goal is far from having vet been reached, and there are vast 
fields in medicine yet to be eultivated before the one-sided and partial 
developments of the past will be amplified into a more symnictrical and 
perfect form. With medical research and progress continning at the 
present rate, the outlook is rich with promise for the future develop- 
ment of medicine and added benefits for mankind. 

Jn looking over its history we can distinguish the operation of two 
contrary tendencies or methods of thonght which have controlled the 
evolution of medicine. These two principles mark off the history of 
medicine into two epochs, the speculative and the scientifie, of a dis- 
tinctiveness more fundamental than the ordinary division into sneh 
periods as the ancient, Arabian and medieval. These two factors are: 
(1) the subjective, deductive, a priori or spectlative, and (2) the 
objective, inductive, a posteriori, empirical or seientific, methods of 
attaining knowledge. 

The subjective or speculative method is the one that prevailed 
throughout medical history down to the modern era. It is far the 
more attractive and has much the strenger hold on human nature; it 
is the primitive and natural method of the untrained mind. It is easy 
and pleasant to construct complete schemes of the universe by intro- 
spection. Scientific investigation is tedious and laborious, and leaves 
many gaps in knowledge. There is a demand in human nature for 
certainty, and completeness, and finality in knowledge. Our patients, 
for exaniple, demand this in our diagnoses and prognoses. The mind 
is impatient with the unknown, and is prone to fill up the blanks in 
knowledge by premature generalizations and assumptions. 

The objective or empirical method of gaining knowledge is the one 
that characterizes modern science. Rigidly suppressing preconceived 
notions and bias, this method proceeds by painstaking observation and 
investigation to collect an adequate mass of objective data as a pre- 
requisite to generalization. This method is not natural to human 
nature, but is a product of enlture. In the history of mankind. it was 
ages before, in the Renaissance, it eame to dominate the best thought ; 
and among the mass of people at the present time it is only a enltured 
few who are thoroughly imbued with its spirit. 
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The utter futility of the speculative method as a means of attaining 
effective knowledge is completely demonstrated by the stagnation and 
ineflicieney of medicine under its influence for thousands of years. The 
only sure and effective way of gaining knowledge is the empirical 
method, by patient observation and investigation, the tardy adoption of 
which was the sole means by which internal medicine has been revolu- 
tionized and vivified. The keynote of the true method was struck by 
John Hunter in his advice to Jenner when the latter was beginning to 
ponder on the subject of vaccination, “Do not think: investigate.” 
The whole Iistory of medicine is an imposing demonstration of the 
futility of theorizing and the utility of scientific investigation. This 
lesson should come home to every one of us, and indicate the only 
mental attitude we can safely assume. We should formulate our judg- 
ments only by the objective and empirical route. We should avoid 
dogmatism, premature theorizing, and generalization from insufficient 
data. We should frankly admit our ignorance, and not deceive ourselves 
or others by unfounded assumptions. We should practise a healthy 
skepticism, and carefully scrutinize the information offered us. No 
authority is too eminent, no traditions too ancient, to be exempt from 
eriticism. The vast amounts of chaff in our professional literature need 
to be carefully sifted for the few kernels of truth: while to a far greater 
extent the ready aeceptance of the interested representations of com- 
meretal establishments is a mark of naive simplicity and easy credulity. 
Always as the test of verity should be demanded the evidence of and 
agreement with an ample body of objective data. These considerations 
may seem trite, vet experience constantly demonstrates the necessity for 
their vigilant observance. 

It is disquieting to reflect on the inefficiency and even harmfulness 
of much of the medical practise of the past. Yet our predecessors were 
men of sincerity and high ideals, and had the trust and confidence of 
the mass of the people. The therapeutic successes of the past must be 
construed mainly as an exemplifieation of the potency and action of 
psyehotherapy. 

Although the scientific method imposes rigorous eriteria for the 
acceptance of doctrines, yet truths so established rest on a firm and 
abiding basis. For this reason we can feel eonfidenee in the validity 
and permanency of such of our present medical theory and practise as 
has a thorough scientifie basis. We have good reason to feel that at last 
we have attained some degree of finality in many of our doctrines; that 
the medicine of to-day is radically different from the ephemeral systems 
of the past and wherever thoroughly grounded on a scientifie foundation 
will stand for all time. 

If it be true that medicine has only just emerged from the middle 
ages, some medieval error must still persist in our doctrines and 
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practise, which it behooves us to clear away. A keen criticism could 
doubtless disclose much of ancient error and fetishism in our materia 
medica and therapeutics and our pathological conceptions of obscure 
diseases. The entire profession does not even yet willingly and unre- 
servedly accept the scientific element in internal medicine. The neces- 
sity and duty of thoroughly scientific methods in surgical and obstetrical 
practise is generally appreciated ; but the obligation for equally thorough 
and scientific diagnosis and treatment in internal medicine is not so 
generally recognized. On the contrary, there is rather prevalent a spirit 
of disparagement and deprecation of what are called scientific methods, 
and insinuations are frequently made that they are not practical or use- 
ful. ‘This spirit possibly arises not so much from frank conviction as 
from indisposition to keep fully abreast of the rapid developments in 
medicine, and a latent jealousy of those more advanced. That scientific 
methods in medicine (aside from those purely academic) are unpractical 
and useless is diametrically contrary to the reality; since it is such 
methods alone that have gained, and are gaining, and can gain for 
medicine all the real efficiency that it possesses. It is to me incon- 
ceivable that any methods in rational medicine can be other than truly 
scientific in their essence; sectarians, and laymen, and quacks can 
practise non-scientific medicine, but not true physicians. Our patients 
are entitled to the best possible service available, whatever be the char- 
acter of any procedure that may be of use; and nothing short of this 
best is good enough for either the patient or the conscientious practi- 
tioner. 

If a trained medical profession has only just found enlightenment, 
it can not be expected that the great untrained public will yet have 
emerged from medieval darkness in matters medical. The general 
public at the present time is actuated by the identical speculative spirit 
that for ages and until recently exercised its blighting control over the 
medical profession. A realization of this fact explains much that now 
seems anomalous and vexatious, and points the way of future betterment. 

In many quarters the attitude of the public toward the medical 
profession is one of misunderstanding, distrust and antagonism. Fads 
and sects, like homeopathy, osteopathy and christian science, have a 
large and influential following, including the most intelligent and 
respectable members of the community. he hold which these (to us) 
irrational beliefs have on the public seems amazing and exasperating ; 
yet the profession has only recently been emancipated from systems of 
precisely the same echaracter—too recently for the public yet to have 
followed. Our customary attitude toward sectarianism is one of ridi- 
cule and denunciation ; an attitude which produces infinitesimal results. 
These popular beliefs are not the product of perversity or wickedness, 
but result from powerful tendencies in human nature—the proneness 
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of the mind to speculative thought; and the proper remedy is not 
vituperation, but education. With the diffusion of medical knowledge 
among the people—not by hysterical propaganda but by gradual and 
substantial enlightenment—which seems inevitable now that the profes- 
sion can exert its influence from an unimpeachable basis, greater mutual 
sympathy and understanding are bound to come between the public and 
the profession. 

In its rational development internal medicine is the laggard among 
the medical sciences, having always been centuries behind such branches 
as surgery and anatomy. This is natural, since the data of the latter 
are superficial and obvious, while those of internal medicine are deep- 
seated, obscure and inaccessible, and allow much play for theory or 
imagination. Moreover, internal medicine lacks the spectacular appeal 
which is exerted, for example, by surgery. Yet though its data are 
inaccessible, its problems difficult, its therapeutic possibilities limited, 
the greater the difficulties the greater is the glory of surmounting them, 
and it is evident that internal medicine has at last entered upon a career 
in honor and efficiency second to none. 
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SCIENCE AND SOCIAL PROGRESS 


By FREDERICK A. BUSIIEE, PH.D. 


COLORADO COLLEGE 


CIENCE is usually defined as a classified body of knowledge; but 
this definition implies a completeness in our knowledge which the 
present discussion can not assuine. In considering the effeets of science 
on social progress, it will be necessary to go baek of the advanced stage 
of scientifie thought and take account of positive knowledge in its be- 
einnings, before it assumed the classified form. Science as here used, 
therefore, refers to the spirit of investigating phenomena, or studying 
facts, as over against the spirit of mere speculation and of superstitions 
belief. The growth of science represents not merely a new spirit or 
state of mind in society, but it presents an explanation of the universe 
based on intelligence and reason instead of the emotions. 

The consequences of the growth of positive knowledge are so com- 
plicated and far-reaching that it is impossible to follow them in all 
their ramifications. Only their more general effects ean be indicated. 
The difference between knowledge and ignorance seems at first to be 
sufficient to account for the entire difference between progress and stag- 
nation: but such is not the case, for certain kinds of progress, such as 
those which result from selection, take place independently of science. 
The effects of scientific knowledge are of two kinds, those which influ- 
ence the mind and those which affect the environment. The first ef- 
fect of science is to expand the mental] horizon, giving us broader con- 
ceptions and a more active mental life. This is especially true of 
astronomy, which tends to bring us out of ourselves by giving us en- 
larged ideas of space and time and hy revealing something of the 
process of the creation of worlds: but the same thing is true of other 
sciences which reveal the phenomena of matter in our own world and 
teach the wonderful Jaws of life. 

A second result of science, which has been emphasized by Fiske,* is 
that it gives man a conception of law, an understanding of true cause 
and effect. This not only helps to develop man’s mind, but it has an 
immediate effect upon his conduct, removing it from the influence of 
superstition to the domain of reason. When man learns to separate 
real cause and effect from the mere sequence of events, he ean adapt 
himself to external influences and avoid inuch suffering. He learns 
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also to take account of the future instead of confining himself entirely 
to the present. For example, when man understands the true nature 
of such phenomena as voleanoes, earthquakes and floods, instead of at- 
tributing them to the vengeance of an angry god, he is in a position to 
protect himself intelligently from their injurious effects. 

A third effect of science is that it restrains and directs the emo- 
tional life. In helping to make reason instead of passion the guide of 
our actions, it has done more than seems at first apparent, even though 
at times it has tended to go too far in stifling the legitimate action of 
the feelings. Under the increasing domination of reason man has had 
a better perspective and has been able to discriminate between im- 
portant and unimportant things. At the same time he has attamed 
greater self control. Instead of giving way to blind passion he has 
acted with greater and greater deliberation. his increased power of 
discrimination and greater self-control] have had a remarkable effect 
upon man’s actions. In giving him greater toleration they have done 
much to decrease strife. Man is much less likely to go to war over 
fancied grievances or over petty differences. And in all kinds of ac- 
tivities man is much more likely to count the cost before entering upon 
them. He will not, from a passing impulse, enter upon great under- 
takings which are impossible of execution. Reason, therefore, in supple- 
menting impulse, has done much to cause man to avoid destructive and 
useless activities and to economize time and strength in the pursuit of 
useful ones. 

The final result of science upon progress is the one most generally 
recognized. Science is the basis of art, and the progress of knowledge 
has stimulated and perfected the useful arts. Science has enabled us to 
make great strides in the conquest of nature, and has made possible to 
some extent the control of different forms of life. The resulting in- 
crease of wealth has made possible far greater happiness and has 
opened new channels of social progress. This result of science is so 
far-reaching that only the general effects can be mentioned here, the 
more detailed results will be considered later in connection with the 
separate sciences. 

As the progress of science has altered the course of human prog- 
ress so materially in the past, and as it is likely to be the most im- 
portant factor in determining social progress in the future, it will be of 
great advantage to study the immediate causes of the advancement of 
science, as well as the social conditions in which these causes are most 
likely to be active. The distinction between the causes and conditions 
of the advancement of science is not hard to understand, though it may 
not be possible always to follow the dividing line exactly in discussion. 
Science is advanced by individual effort, and stimuli to the individual 
form the immediate cause of its advancement. But these individual 
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stimuli will act, or will act strongly, only under favorable social and 
physical conditions, and these last are what I have called the 
conditions of the advancement of science. They are a step farther 
removed from the product than the cause. As crops are culti- 
vated in soils of different degrees of fertility, so science is pursned 
under conditions which are more or less favorable to its advancement ; 
but science is not followed to any considerable extent, nor are the best 
results obtained, except under favorable social conditions. 

The causes leading to the advancement of science are somewhat 
difficult to trace, so many and varied are the influences affecting the 
intellectual life. Doubtless our knowledge of science has been increased 
to some extent by chance discovery, but the amount of credit which 
should be given to this influence will depend upon our ideas of what 
is really accidental in discovery. The alchemists, in trying to produce gold 
from the baser metals, discovered a number of valuable chemical com- 
pounds. These discoveries were accidental in the sense that they were 
not the real objects of the researches, yet the compounds would not have 
been discovered if the alchemists had not been experimenting in the 
field of chemistry and with those particular chemical elements. Chance 
discoveries are seldom made far from the field which is attracting at- 
tention. Certain discoverics, like the properties of saltpeter, may have 
been wholly accidental; but such discoveries are rare. Therefore in- 
stead of making pure accident an important cause of the advancement 
of knowledge, it is more nearly correct to say that an unexpected ele- 
ment often enters into scientific discovery. 

Another minor influence leading to the progress of knowledge is 
idle curiosity. Probably the early observations of the stars and the 
planets were due to little else. Few discoveries, however, can be at- 
tributed to this stimulus alone, although curiosity in some form doubt- 
less enters into the majority of scientific discoveries. Professor Ward? 
quotes De Candolle as saying, “the principle of all discoveries is curi- 
osity.” But such an assertion gives us little help. Our task lies in at- 
tempting to discover the various influences which arouse curiosity. 
Mere curiosity, accompanied by no other motive, seems really to have 
had little influence in advancing science. It is true that students en- 
gaged in rescarch may select one problem rather than another, simply 
because they have a greater interest in it; but their motive for investi- 
gating some problem is quite different from idle curiosity. 

The greatest stimulus to the progress of science in its earliest stages 
is to be found in an attempt to achieve some great object. Although 
logically science is the basis of art, historically early art precedes sci- 
ence and is the greatest incentive to its advancement. The history of 
almost all the sciences shows that their beginnings lay in a desire to. 
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attain some practical end, and in later stages also the same object still 
holds an important place. The desire to observe religious festivals 
regularly has stimulated the study of astronomy in order to obtain 
exact measurements of time. Among the Hindoos mathematics was 
stimulated by the requirements of religious worship in making their 
altars and laying out their courts. And according to Max Mueller? 
they also struggled with the problem of making a square altar of the 
same size as a round one. In Egypt, geometry got its stimulus from 
the need of parcelling out the land fertilized by the Nile. The progress 
of architecture also increased man’s knowledge of mathematics and 
physics. The great European cathedrals were built before scientific 
works upon architecture appeared. It is said that the needs of Alex- 
ander’s campaigns in Persia stimulated the study of mathematics and 
physics. And the desire to save human life has always been a great 
stimulus to the study of biology. These are simply a few illustrations 
of the kind of stimuli which have been most potent in the advance- 
ment of science. 

After science has attained a start, if social conditions are favorable, 
it will progress without the immediate incentive of a practical need. 
As knowledge advances men begin to recognize its general value and 
try to extend it in every direction, believing in its ultimate, if 
not in its immediate, usefulness to mankind. This is science for 
the sake of science and is represented by the present period of sci- 
entific development. Such a method of increasing knowledge is 
never purely arbitrary, however. Not all truth is considered of 
the same value at a given epoch. If scientists have not always in view 
some practical end, they are more likely to be interested in those de- 
partments of knowledge which have a bearing on the immediate need 
of society. It will be observed, therefore, that this last influence, sci- 
ence for the sake of science, is not wholly separated from the preceding 
one, science for the sake of art, although a new motive is present. In 
addition to the need of solving an immediate problem, the value of all 
positive knowledge is recognized and becomes a new incentive in stimu- 
lating a study of the sciences. 

With this brief enumeration of the chief causes of the progress of 
science, we may turn to the consideration of the conditions under which 
the pursuit of science is most likely to flourish. It seems probable that 
science is somewhat more likely to advance, at least after a start has 
been made, in cold or in temperate climates, than in warm climates. 
According to Professor Cattell’s “Study of Eminent Men”’* France has 
produced the largest number of scientists of any country, and England 
the next largest. This order is true not only in the absolute number, but 
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also in the percentages of the total number of eminent men. Italy sur- 
passes all countries in the proportionate number of artists. If the 
ancient civilizations were included in this comparison, the supremacy 
of the north would not be so evident; but it is hardly fair to include 
the ancient civilizations, for when they were flourishing, societies in 
northern countries had not advanced. When northern societies did de- 
velop they produced their quota of seientists, though they did not pro- 
duce their proportionate number of artists. 

The chief explanation of any advantage which eold countries may 
have in the development of science is to be found in their greater needs. 
The environment is harder to subdue and at the same time man’s re- 
quirements are greater, hence there is a continnal incentive to improve 
the useful arts: and the attempt to improve the arts is, as has already 
been said, the most important stimulus to the advancement of science. 
In addition to this, life in northern countries seems somewhat better 
adapted to the development of a thonghtful people. In southern coun- 
tries soeial life is more continnous and the conditions are therefore less 
favorable for meditation. In uorthern countries social life is inter- 
spersed to a greater extent with periods of isolation, and this condition 
is most favorable to the development of new ideas. A more completely 
isolated life, however, with little social intercourse would not be stimu- 
lating enough to develop new ideas. Of course the most desirable bal- 
ance between the social and the solitary life may exist in particular. 
cases in warm countries, but their general conditions for society, as a 
whole, seem to be less favorable than those of colder countries. 

Physical conditions are, however, less potent than social conditions 
in stimulating the advancement of science as well as that of art. Three 
conditions in social life may be mentioned as especially important in 
preparing the way for scientifie development. First, society should be 
far enough advanced in niunbers and in wealth to have evolved a class 
with opportunities to devote their time to intellectual pursuits. This 
condition is bronght about eomparatively early in society by the easte or 
class system, and later is made much more effective by the system of 
division of labor. New societies cultivate science but little beeause they 
have neither produced a leisure class nor have they extended the system 
of division of labor far enough to permit individuals to devote their 
whole time to scientific pursuits. Seeondly, a society should be active, 
for such a society nndertakes new enterprises and stimulates soeiety 
through the medinm of the arts. Rigid societies, sueh as China and 
India, are satisfied with past achievements in knowledge, but when such 
societies become active, as in the case of Japan, thev feel the need of 
devoting themselves to the acquisition and the extension of knowledge. 
Thirdly, social conditions should be such that man may easily free his 
mind from the influences of the past. He must emancipate himself 
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from tradition. This is a different thing from what is commonly under- 
stood by freedom of thought. Under certain conditions men seem inca- 
pable of thinking outside of traditional ways, while under other condi- 
tions they may show great mental vigor in the face of severe persecution. 
As rigidly prescribed beliefs in society are usually due to the authority 
of religion, emancipation from theological restrictions must usually 
precede periods of mental activity. History gives us two well-marked 
periods of scientific advance, the Greek period of scientific thought 
and the modern period beginning in the sixteenth century, and 
both movements began under similar circumstances. In both 
cases emancipation from theological dogmas preceded scientific 
activity, and this emancipation was accomplished by the stimu- 
lating effects of geographical discoveries. In Greece some of the old 
religious myths were actually disproved by these discoveries, while 
belief in others was undermined by the enlarged ideas resulting from 
them. Similarly in modern times the intellectual life was greatly 
stimulated by the discovery of America and the cireumnavigation of the 
globe; and the authority of the church was weakened by its strong 
opposition to the Copernican system. In 1616 the Inquisition issued 
an edict, which has never been repealed, declaring that to suppose the 
sun the center of the solar system was false and contrary to the 
Scriptures.» In the modern period of enlightenment, it is true that 
society was by no means stagnant when the discoveries were made; in 
fact, the discoveries themselves were due to an awakening intellect which 
may be traced to several sources, the chief of which is doubtless the 
travel and trade resulting from the crusades. Traced back to their 
source, therefore, it will be seen that the religious superstitions were 
themselves responsible for the movement which finally exterminated 
them. If the intellectual development of the Arabians is considered 
to be a third period of scientific growth, we shall find that that also was 
preceded by extended migrations and conquests, which affected greatly 
the active religious beliefs of the Mohammedan conquerors. The whole 
intellectual attitude of the Saracens changed after their conquest of 
Africa. Although in the three cases just cited geographical discoveries 
were responsible for the change in the mental attitude, no one event 
can be held responsible in all cases for the emancipation of the mind. 
If the forces of conservatism are very strong, a powerful social upheaval 
may be necessary to prepare the way for the reception of new truths. 
If, however, the intellectual condition is less rigidly fixed, milder influ- 
ences may serve to stimulate thought. After scientific development has 
once begun, the succession of new truths themselves is the best guaran- 
tee against the excessive influences of tradition. ' 
Ordinarily an active society will free itself from the bonds of tradi- 
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tion. But that is not always the case, as is shown by the history of 
Spain during the period of intellectual activity which followed the geo- 
graphical discoveries. Spain was an active country from the fourteenth 
to the sixteenth centuries, but its activity was not sufficient to overcome 
its intellectual conservatism ; and this seems to be the reason why Spain 
took no part in the scientific progress of that period. 

Professor Ward thinks the most important stimulus to the develop- 
ment of the mind has been the formation of the system of caste, because 
it produced a leisure class. A caste system is certainly important in the 
early stages of mental development, but such a society is likely to 
become conservative in its attempt to safeguard the interests of the 
leisure class. And when a caste system becomes rigid and traditional 
its usefulness is gone. If the idle class is also a priestly class, it is 
usually of service in preserving knowledge, but the very tenacity with 
which it clings to old ideas prevents it from discovering or accepting 
new ones. In the long run, therefore, a caste system has many dis- 
advantages, and at no time is it so efficient in the advancement of knowl- 
edge as the system of division of labor. 

Some of the conditions which help to stimulate science are also 
favorable to the production of art and it may be thought that all 
conditions favoring the two are sufficiently alike to cause science and 
art to develop together. But such is not always the case. Art, litera- 
ture, and science developed in much the same period in France, and the 
same is also true of the Netherlands. Literature and science developed 
together in England. In the Arabian civilization also architecture, 
literature and science flourished simultaneously. In Italy, however, 
scientific activity followed art by at least a generation and it was rela- 
tively much less important. And in Spain science was almost dis- 
regarded when art and letters were cultivated with brilliant results. 
Furthermore, in Greece science developed at a considerably later period 
than art, and again in modern times science has made wonderful 
progress with only moderate achievements in art. The attainment of 
wealth and leisure is desirable for the development of both art and 
science and freedom from interference is essential for the best interests 
of both; but other circumstances may determine whether the intellect 
or the emotions will develop more fully. A society which is very rigid 
in its intellectual beliefs may produce a high grade of art in giving 
expression to those beliefs; or a society may encourage the fine arts 
while it does not develop the uscful arts and hence does not give a 
special stimulus to the advancement of science. A wealthy luxurious 
upper class which may patronize the fine arts is likely to be conservative 
and intolerant of revolutionary discoveries. Scientific activity requires 
an underlying seriousness in the social life; and this was entirely lack- 
ing in Spain, for example, in the seventeenth century. On the other 
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hand, young societies which are active are likely to show an interest in 
science before they make any headway in the production of the fine 
arts. The appearance of art requires an economic condition which pro- 
duces luxury, and a social condition which will stimulate the emotional 
life; while science requires economic progress which will stimulate the 
useful arts and a social condition which will emancipate the mind from 
the domination of the past. 

The discussion thus far has been confined to the origin and effects 
of positive knowledge in general; it now remains to consider the more 
detailed effects upon progress of the separate sciences. The origin, 
or at least the early development of the sciences, may in almost every 
case be traced to an attempt to improve the arts or to obtain some 
specific object, and the chief service to society of these sciences has 
usually been in solving those very problems which gave them their 
origin. <A brief account therefore of the beginnings of the leading 
sciences will open the way to a discussion of their effects upon social 
progress. 

Astronomy was one of the oldest sciences to take definite form, 
originating it is thought in Egypt or Chaldea, although China has very 
old astronomical records. In Egypt the study of astronomy was prob- 
ably first stimulated by the phenomenon of the overflow of the Nile, 
upon which Egyptian civilization depended. The exact time of this 
phenomenon was a matter of importance and the passage of time was 
most easily marked by the movement of the stars. The first study of 
the heavenly bodies, made in order to mark the passage of time, soon 
led to a more detailed study for another purpose. It was noted that 
the Nile began to rise with the heliacal rising of Sirius. This coinci- 
dence was easily mistaken for cause and effect and if Sirius had such 
an extraordinary influence upon the affairs of men, the conclusion 
naturally followed that other stars must also have their influences. To 
ascertain the amount and character of these influences led to the study 
of astrology, which held man’s attention for so long and enlarged con- 
siderably our knowledge of the heavenly bodies. In both Chaldea and 
China the desire to measure time accurately, as well as the wish to 
forecast the future, caused a careful study of the heavenly bodies. Jn 
Pheenicia the peculiar stimulus to the study of astronomy appears to 
have been the desire to obtain an accurate guide for traveling either by 
sea or land. The accurate marking of time, the requirements of travel 
and the desire to know the future were therefore the chief incentives for 
the study of astronomy, and the first two have been of continual service 
to society at all times. 

The fact is worth noting that astronomy developed first in desert 
countries where the air is clear and the stars are easily visible the greater 
part of the time; in pastoral countries, too, where shepherds could follow 
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the movements of the stars either out of curiosity, or to note the passage 
of time. Astronomy would have had an early origin even if it had not 
been for the overflow of the Nile, yet it is doubtful if it would have 
developed so soon under different atmospheric conditions. 

The commonest laws of physics as well as the simplest movements 
of the heavenly bodies were known so early that we are unable to trace 
their sources. The Egyptians, again, were probably the first to study 
physical laws. The pyramid builders must have had a considerable 
mechanical as well as astronomical knowledge. Later engineering feats, 
such as the canal of Ramases and the various contrivances for control- 
ling the waters of the Nile, would he considered creditable achievements * 
even at the present day, and hence they show considerable advance in 
engineering skill and in knowledge of physical laws. Thus a knowledge 
of physics seems to be traceable in early times to building enterprises 
and engineering achievements. 

Jn ancient times the subject of chemistry was cultivated in a prac- 
tical way in the shape of metallurgy, the manufacture of colored glass 
and the dyeing of fabrics. But interest was early turned aside from 
these praetical problems to the visionary one of transforming the baser 
metals into gold. This quest of the alchemists was begun in ancient 
Egypt and was continued through the middle ages until the scientific 
awakening of the sixteenth century. On the whole it was more of a 
hindrance than a help to the development of chemical knowledge. A 
more profitable study lay in the search for curative agents. This first 
took the fanciful form of a search for the elixir of life, but after the 
time of Paracelsus in the sixteenth century, a more scientific attitude 
was fostered and medicine became the chief medium for the adyvance- 
ment of chemical knowledge. Up to the nineteenth century the only 
laboratory of chemistry was the pharmacist’s shop.© In comparatively 
recent tines chemistry has found another incentive to progress in the 
desire to improve agriculture. 

In their origins, ehemistry and biology are more closely allied than 
any of the other sciences. Some knowledge of both animals and plants 
was of course gained in prehistoric times in the search for food. But 
in ancient civilizations and even down to modern times the one great 
stimulus to the growth of biological knowledge lay in the healing art. 
In ancient and medieval times almost all the contributors to biological 
knowledge were physicians with the possible exception of Aristotle, 
though it is doubtful if an exception should be made of a man who kept 
a pharmacy shop. At the Alexandrian museum the subjects of natural 
history and anatomy were carried on by the faculty of medicine, one of 
the four faculties originally established at the museum. In addition 
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to medicine agriculture also forms a root for biology as well as for 
chemistry. 

Psychology in early times had an indistinct origin in metaphysics, 
but as an inductive science it is of recent growth. In addition to the 
metaphysical problems which the study of mental processes was sup- 
posed to solve, two practical problems may be mentioned as stimulating 
the development of psychology. First the study and treatment of 
pathological mental states, which unites psychology with biology and 
chemistry in that all three have their origin to some extent in medicine. 
Secondly, the study of normal mental states and the course of mental 
development in order to improve the intellect and ameliorate human 
conditions through better methods of education. 

As biology rests on the attempt to heal individual disease, so sociol- 
ogy arises from the desire to cure social ills and improve social relations. 
This statement would not be true of all the social sciences, especially 
economics, which found its chief incentive in the attempt to increase the 
material wealth of one social group at the expense of other groups. 
The general science of sociology, however, like that of biology, had its 
chief root in the desire to heal. The existence of poverty, crime, labor 
disputes, and similar problems has stimulated the desire to understand 
the principles of human association and the laws of social development. 

With this brief review of the social origin of the sciences, we are pre- 
pared to consider in greater detail their effects upon social progress. 
In order to do this it will be advantageous to separate the sciences into: 
three groups by diagonal lines, so to speak, the divisions not correspond- 
ing to the recognized boundaries of the different sciences. The first 
group includes astronomy, the greater part of physics and smaller parts 
of chemistry and biology. This group comprises what may be called the 
sciences of the environment. The second group includes a small part of 
physics and larger portions of chemistry, biology and psychology. This 
group comprises the sciences pertaining to individual life. Sociology 
and a part of psychology form the third group, treating of social life. 
If a larger number of the subsciences are included, the divisions would 
not be materially altered. A part of economics would be included in 
group one, as dealing with the environment; and a part of geology 
would fall into group two. These three groups may be designated for 
the sake of brevity as the natural sciences, the biological sciences and 
the social sciences, dealing respectively with the environment, with 
individual life, and with social life. 

The historical development of the sciences is a complicated problem. 
Comte maintained that they developed in a serial order from the 
simplest to the most complex in the order of his classification— 
astronomy, physics, chemistry, biology and sociology. Spencer strongly 
opposed this theory and produced many facts to show that the serial 
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order could not be upheld especially in the subdivisions of a science. 
Although Speneer appeared to have the best of this argument, there is, 
nevertheless, some ground for holding to the general principle expressed 
in Comte’s theory. Following the three-fold division of the sciences, 
which I have given above, it seems elear that the sciences dealing with 
the environment developed before those dealing with life, and the latter 
group developed in advance of those dealing with society. This is, 
moreover, the order of their present degree of advancemenit as well as 
their early development. 

The development of the seiences seems, in fact, to be influenced by 
two conditions, first the immediate interest of men, and secondly the 
complexity of the phenomena investigated. These two conditions 
account sufficiently for the relative growth of different branches of 
knowledge at different times. In early stages of civilization man’s atten- 
tion was concentrated chiefly upon the physieal environment. To get a 
food supply and other necessaries of life more easily, to protect them- 
selves against their enemies, to provide for the needs of the dead, and 
to satisfy the demands of the gods, were all important problems which 
stimulated a knowledge of the environment and brought at least a 
practical working knowledge of the simplest laws of mathematics, 
astronomy and physies, together with some knowledge of minerals, and 
of animal and vegetable life. The phenomena of life, the desire to live 
indefinitely and to overeome disease, attracted attention almost as soon 
as problems of the environment. But life is mueh stranger and more 
complicated than those objects of nature which may be readily examined, 
and a positive knowledge of the phenomena of life was much more slowly 
aequired. ‘The heavenly bodies and other natural objects which were so 
far removed that their character was not casily perceived, and living 
things whieh were so complex that they were not understood, remained 
objects of superstition and speculation much longer than inanimate 
objeets elose at hand. The persistence of religious superstition delayed 
considerably knowledge of human anatomy and disease, favoring rather 
the pursuit of astrology and alehemy. The anatomical studies of the 
Alexandrian school were in opposition to the prevalent sentiments of 
the time, and the Mohammedan religion hindered the study of biology, 
as compared with other sciences among the Arabians. Biology, there- 
fore, developed later than the physieal sciences, not because it did not 
attract attention, but because it was too complicated to be wnderstood in 
an early stage of mental development. The social sciences, on the other 
hand, developed last, both beeause they did not attract attention 
at an early period and beeause they dealt with complex phenom- 
ena. It is true, as Spencer points out, that some practical knowl- 
edge of social organization must have appeared at a very early 
time and conditioned, in a sense, all forms of progress. But this kind 
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of knowledge was almost instinctive, and of such a nature as gregarious 
animals possess, or it was at least a product of gradual experience. For 
a long time social organization was not a subject of study like physical 
phenomena. Politics was the first social science to develop, if we may 
except ethics, which in its origin was connected with religion or philos- 
ophy, and was hardly an inductive social science. An interest in politics 
did not arise until different forms of social organization appeared and 
could be readily compared. A mere aggregation of people did not 
stimulate a study of politics, nor did more complicated organizations 
as long as they all rested on force. But when a change in social organi- 
zation appeared possible, when different forms could be compared, and 
some were seen to be more efficient than others, social organization 
became an object of study. Under such conditions appeared Plato’s 
“ Republic,” Aristotle’s “ Politics” and Machievelli’s “ Prince.” Eco- 
nomics and other social sciences followed politics, but so difficult and com- 
plicated are the laws of association, that even with the present facilities 
for investigation, a general science of sociology can hardly be said to be 
established. The three comprehensive groups of sciences here outlined, 
seem, therefore, to have appeared in the order given in accordance with 
men’s interests and the complexity of the phenomena to be studied; 
though it must be admitted that the subdivisions of the sciences did not 
develop according to their complexity alone. The additional influence 
of the immediate needs of mankind is strong enough to disturb ma- 
terially Comte’s theory of their historical development. 

It is possible now to go a step farther and show that the growth of 
one group of sciences prepares the way both directly and indirectly for 
the growth of another group. The direct effect of the advance of one 
science upon others is a well-recognized fact and this influence is not 
by any means always in the direct order of their serial development, 
according to Comte’s classification, but is frequently in the imverse 
order. A knowledge of physics has helped to advance astronomy as 
much as it has chemistry. This form of the interdependence of the 
sciences need not be enlarged upon. , 

The sciences have a less direct effect upon each other through the 
alteration of social conditions and the change of men’s interests. ‘Thus 
the earlier sciences have in a sense prepared the way for the later, and 
the development of the later sciences has often given a new impetus to 
the further advance of the older. The increasing knowledge of the 
physical sciences has produced two great results: First, it has in- 
creased man’s power over nature, and, secondly, it has done much to 
free the mind from the bonds of superstition. The conquest of nature 
has increased the food supply, as well as other forms of wealth, and 
therefore made possible a larger population and permitted the concen- 
tration of population in small areas. This increase of population, how- 
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ever, which preceded an adequate knowledge of biology in the form of 
medical and sanitary knowledge, resulted in a high mortality rate, 
which is always a heavy drain on society, and therefore a great impedi- 
ment to progress. Not only was the ordinary death rate high, but oc- 
easionally plagues swept over large areas making fearful havoc in the 
population. Authorities state that the black death in the fourteenth 
century took half the population of England. These pestilences were 
spread by the increased travel and trade made possible by the very 
progress which had been achieved in the contro] of nature. This period 
of the predominance of the natural sciences may be called the great 
period of natural selection. A denser population made possible by the 
increasing control of nature was held in check by a high death rate, un- 
controlled because of the lack of medical knowledge. But these un- 
fortunate conditions resulting from the unequal advancement of knowl- 
edge developed influences which were destined finally to reduce the 
evils. Disease and death have always seemed great enough evils to 
cause men to try to avoid them in more or less rational ways; but in a 
concentrated population these evils are brought forcibly to men’s at- 
tention especially when they come in the form of a disastrous pestilence. 
Furthermore, increased association, which comes from a larger and 
denser population, is the chief means of developing sympathy and of 
arousing the desire to alleviate the sufferings of others. Hence the in- 
creased sympathy for others, and the more vivid realization of the 
amount of suffering in existence, became incentives for an increased 
effort to lessen the evils of disease. Moreover, other altered conditions 
caused these efforts to take a scientific turn. Previously superstitious 
beliefs had hindered the progress of science. Plagues were considered 
a visitation of the divine wrath, disease was treated with charms or 
with appeals to the saints, and the growth of anatomical knowledge was 
hindered by religious superstitions which forbade contact with dead 
bodies. But the new knowledge of the material world gradually less- 
ened the hold of these superstitions and prepared the way for the sci- 
entific observation of the course of disease and the study of anatomy 
by the laboratory method. 

In describing the effects of the natural sciences and the influences 
which have caused the development of the biological sciences, I do not 
mean to imply that the progress of knowledge has been continuous and 
uninterrupted, so that one particular period of history may be pointed 
out as having the conditions favorable for the origin of biology. ‘There 
are a number of periods in which the forces here mentioned have been 
at work in greater or less degree and have influenced biological science. 
Perhaps at no time have they been more in evidence than at present, 
when, for example, modern conditions have turned people’s attention 
to the ravages of tuberculosis, and have increased efforts to overcome 
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this disease; or when the havoe caused by insect pests has become so 
(lisastrous as to cause a careful study of such forms of life in order to 
eradicate them. These influences, so clearly at work now, have, how- 
ever, been in operation in greater or less degree since the sixteenth cen- 
tury. ‘They were at work also during the later period of Greek civiliza- 
tion and had it not been for the persistence of religious superstition 
they would have heen effective in the Arabian civilization. 

Turning now to the effeets of the biological sciences, three important 
influences may be mentioned: First, biological knowledge, through the 
prevention and cure of disease, has greatly decreased the rates of mor- 
tality ; secondly, through the destruction of injurious pests and through 
the selection and cultivation of vegetable and animal life, it has multi- 
plied and improved the food supply, and incidentally it has increased 
other forms of wealth. In these two ways then the sciences of life have 
made possible an increase in population at least as great as that made 
possible by the physical sciences. But it should be noted that the bio- 
logical sciences are supplementary to the physical sciences. Both stim- 
ulate the growth of population, but the biological sciences do so with- 
out the suffermg and waste prevalent before their development. 
Neither group can do its proper work without the other and each group 
has been a stimulus to the growth of the other. Sanitary measures 
could not be carried ont without engineering knowledge, the present 
concentration of population would be impossible without sanitary pre- 
cautions, and a large food supply would be useless without rapid means 
of transportation and communication. Finally, biological sciences have 
to some extent, and will to a greater degree, improve individuals and 
the race through selection and education. Medical science has been 
severely criticized because it has counteracted the effects of natural 
selection by making it possible for the unfit to live and propagate their 
kind. Without doubt a partial knowledge of the laws of life has pro- 
duced some temperary evil effects along with the good. But the remedy 
hes not in a return to former conditions, but in the adoption of new 
methods through the perfection of our knowledge. Psychology has 
already enabled us to make rapid strides in our system of education and 
in our treatment of mental diseases; and a better knowledge of the laws 
of heredity and improved methods of social contro] will enable us con- 
sciously to improve the human species in ways most advantageous. And 
they will accomplish this more quickly and effectively than by the 
blind process of natural selection. 

The past century may be regarded as preeminently a period of bio- 
logical discovery, not because the physica] sciences have not advanced 
also in a marked degree, but because biological discovery is the new 
factor which has been added to science to influence social progress. 
This new factor is destined to further in a wonderful degree individual 
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efficiency and weli being. It has already diminished human suffering 
and will in the future enable us to conquer some of the most serious 
evils still existing. But our rapid conquest of nature and our increas- 
ing control of different forms of life have introduced certain new evils 
which instead of being self-corrective seem likely to increase unless new 
forees in the shape of social] sciences arise to correct them. 

Mention has just been made of some of the undesirable effects of 
medicine in counteracting the forces of natural selection. The correc- 
tion of this evil will not be found in biological science alone. <A 
thorough study of the dependent, defective and delinquent classes must 
be made before an adequate reform can be begun and this study is an 
important department of social science. Modern ideas of humanity 
will never be satisfied with an indiscriminate production of dependents, 
soon eliminated by selective forces because they can not adapt them- 
selves to the environment, even though the vigor of the population is 
kept up by this method. And the sense of self preservation will not 
long suffer the indiscriminate production of dependents who are kept 
alive as burdens upon the community and are even permitted to mul- 
tiply and thus lower the average vitality and efficiency of a society. The 
only solution consistent with modern sentiment lies in studying the 
causes of the evil and applying the remedy at the source, so that fewer 
dependents will be produced and the average vitality of the population 
will be raised. ‘This will be accomplished only through the cooperation 
of the sciences of individual and social life. Another evil effect of the 
unrestrained production of wealth and of the irrational propagation of 
human beings has attracted still greater attention and has probably 
been most influential of all in stimulating the study of sociology as a 
general science of society. The greater control over nature made pos- 
sible by the advance of the natural and biological sciences and the in- 
creased wealth resulting therefrom, has affected different parts of so- 
ciety very unequally. Certain persons, who, for various reasons, had 
an early advantage in the accumulation of wealth, have been able to 
retain that advantage and even to pass it on to their descendants. In 
some cases, advantage once obtained has become cumulative. On the 
other hand the descendants of those who lacked special advantage, or 
were hindered with positive disadvantage, suffered similar and even 
greater disadvantage. And in the older societies the possibility of 
improvement through individual effort becomes more and more diffi- 
cult. The resulting divergence of classes, which may have been use- 
ful in certain stages of social progress, is now seen to be out of harmony 
with the present trend of development. Society suffers because such a 
large number lack opportunity. Forces at work in progressive societies 
have, it is true, been lessening this evil, but modern sentiment now 
demands a more rapid change. And this desire has stimulated the study 
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of sociology in order that the reform, which would evidently be radical, 
may be made in accordance with the natural laws of growth and with 
as little shock as may be to the social body. 

Finally the social sciences supplement the natural and biological 
sciences by making their work more effective. The science of politics 
should perfect the general social organization and promote efficiency in 
all kinds of collective activity. The science of economics should aid in 
the conquest of nature by a better direction of the agents of production 
and exchange and should further human efficiency and well being by 
improving the process of the distribution of wealth. Similarly, juris- 
prudence, ethics and other social sciences should help to eliminate those 
who seek to prey upon society and should smoothe out the social rela- 
tions of the rest. 

The social sciences, therefore, the last of the three groups, con- 
tribute to progress by correcting certain evils left by the other sciences, 
by improving social conditions, and by perfecting social organization so 
as to increase social and, therefore, individual efficiency. 

To sum up, the natural sciences developed first, because man was 
first interested in the conquest of nature and the simpler physical laws 
could be grasped at an early period. This period brought an increase 
of wealth but it was wasteful of human life. The desire to save hfe led 
the way to the study of biology and this study was made possible in a 
scientific way because of the enlightenment which came with the spread 
of knowledge. Knowledge of the physical environment and of life, 
however, did not prevent social disease from flourishing and did not 
greatly improve the social condition of a large part of society. To over- 
come these defects the social sciences within recent years have been 
cultivated with great seriousness. It is true that social conditions from 
very early times have been such as to demand a knowledge of the social 
sciences, but men’s interests have not turned in that direction except in 
one or two cases, in a limited way. Interest in the social sciences has 
had to wait for the enlarged sympathies and the sense of solidarity 
which has appeared with the growing interdependence of dense popu- 
lations, and these conditions have been dependent upon the advance of 
the other sciences. 

With the cultivation of the social sciences, then, the chain of knowl- 
edge will be complete, at least so far as the needs which have already 
appeared are concerned. For each group of sciences will solve one or 
more of the great problems which man has encountered in the process of 
development. The physical sciences will solve the problems of environ- 
ment, the biological sciences the problems of life, and the social sciences 
the problems of society. 
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ATTEMPTS TO EXPLAIN GRAVITATION 


By WILSON C. MORRIS 


STATE NORMAL SCHOOL, WARRENSBURG, MO. 


O the casnal observer the heavenly bodies may seem isolated; but 
careful study will show how closely connected they are. Not only 
are they much alike in composition, but across the vast gulfs separating 
them they hold constant intereourse. Before the time of Newton the 
only influence known to pass from one heavenly body to another was 
what we now call radiant energy. To this Newton added a second infln- 
ence, the force of gravitation. To this lst we may also add a third, 
electrical attraction. The one with which this paper deals is gravita- 
tional attraction. 

To the student who has at least an elementary knowledge of physics 
or astronomy gravitational attraction is one of the best known prop- 
erties of matter; and it can just as truly be said that it is one of the 
least understood properties of matter, not only by elementary students 
but by mature physicists and astronomers. So often has the problem 
of gravitation evaded solution that some in despair have doubted the 
ability of the hnman intellect to grapple successfully with it. This feel- 
ing may have been strengthened by Newton’s references to himself. 

At present we can’t tell how one body attracts another; and the 
science-producing value of the efforts made to explain the mechanism 
of attraction is not to be judged by the prospects afforded of ultimately 
obtaining a solution but by the stimulus afforded in furthering 
thorough investigation. What we want is a hypothesis that will con- 
form to well-known phenomena and that will stimulate further investi- 
gation. It is needless to say that final solution finds no place in our 
attempt. 

Most of the conjectures concerning gravitation have not reached 
the dignity of a hypothesis. Some of them seem even too wild for a 
romance. [ think it is Sehuster who has referred to his conjectures 
regarding gravitation as a holiday-dream. I like this word in this 
connection. Jfowever since they are the best we have let us make the 
most of them or supplant them with better ones. 

Before reciting some of the attempts to explain gravitation it might 
be well to refer briefly to its discovery, magnitude, peculiarities, ete. 
Kepler had stated in his first law that the earth revolves in an elliptical 
orbit with the sun at one focus. With this knowledge at hand, by 
strictly dynamical reasoning Newton showed that bodies attracted 
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according to a definite law (the attraction between two bodies being 
directly proportional to the product of the masses and inversely as the 
square of the distance, if the dimensions of the bodies are small com- 
pared with the distance between them). Having enunciated this law 
he proceeded to verify it by studying the motion of the moon. The 
moon revolves in an orbit that is nearly circular and to keep it in this 
orbit there must be an acceleration toward the earth equal to V2/r 
where V is the moon’s orbital velocity and r is the distance from the 
earth to the moon (approximately 240,000 miles). In place of V we 
may put 2rr/t, where ¢ is the time of one revolution (27.3 days). 
Hence the acceleration toward the earth equals 


are Ne 
Pe ( t ) 4n*y =4x 9.86 x 240,000 x 5280 a 
a. Ba tee s a = .0089 fect/sec’, 


i ae ae (27.3 x 86,400)? 
The acceleration the earth should exert, if Newton’s law be true, at a 
distance of 240,000 miles (60 times the carth’s radius) = 32.16/60? 
= .0089 feet/sec? where 32.16 feet /sec? is the acceleration at the surface 
of the earth. The verification in the case of the moon is complete. 
Hence we have the mathematical statement of the law: F (the force) 
== /m/r? + G where @ is a constant depending upon units only. We 
say nothing abont the quality of the matter but only the quantity, and 
the distance. Notice also that there is no factor in the equation refer- 
ring to the nature of the intervening medinm. 

It may not be out of place to call attention to the universality of the 
law. There are a few slight discrepancies between observed and caleu- 
lated values. but as a whole it is fully attested by observation. 

In referring to the magnitude of gravitational force consider first 
small bodies and later astronomical bodies. We know to-day that the 
radiation from the sun exerts a pressure. NKepler suggested this three 
centuries ago and one hundred and fifty vears later the great mathe- 
matician Euler adopted his suggestion in aecounting for the repulsion 
of comets’ tails. So delicate is this pressure that it was not discovered 
until recently (1900). Albeit this pressure is very small as bodies 
diminish in size, we reach a limit at which it predominates over gravita- 
tion. This is due to the fact that gravitation is proportional to the 
mass (the cube of the linear dimension) while radiation-pressure is 
proportional to the surface (the square of the linear dimension). 

When we consider electrons we find that the gravitational attraction 
between two electrons is insignificant compared with electrical attrac- 
tion. The electrical force in air between two negative electrons one 
centimeter apart is eqnal to (4.5 X 10-1°)? = 20 & 10°°° dynes, if we 
take the charge on an electron to be 4.5 & 10°? c.¢.s. electrostatic units. 

The gravitational attraction between two electrons at a distance of 
one: Centimeter” = 1085104! 3.6.06 10-8 66 SCL mes, 
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where 10-*7 is the mass of a negative electron and 6.6 X 10-8 is the 
gravitational constant in the c.g.s. system. Comparing the two results, 
we see that the former is 10** times the latter. 

In astronomical bodies gravitation is the predominant force. An 
idea of its magnitude can be gained by calculating the attraction between 
the earth and the moon, which are small bodies astronomically speaking. 
The earth’s mass is about 6 times 10°! tons, which is 80 times the moon’s 
mass, and the distance between the two is about sixty times the earth’s 
radius; hence the attraction ==6 X 10%! - 1/80 -1/60?—=2 x 1078 
tons of force. 'To hold this system while it rotates about a common 
eenter would require about five million-million steel bars each one foot 
square and of tensile strength of thirty tons per square inch. Knowing 
the distance between the earth and the sun (23,000 times the earth’s 
radius) and that the sun is about 330,000 times as massive as the earth, 
in like manner we can show that the force between the earth and the 
sun is greater than that of the earth and the moon. What must it be 
for double stars! Surely the origin of such gigantic forces ought to be 
worth careful study. 

When Priestley and later Coulomb enunciated the law of electrical 
attraction (inversely as the square of the distance) they ignored the 
intervening medium. It was shown by Henry Cavendish, although not 
published, and discovered independently by Faraday that the electrical 
attraction depends upon the nature of the medium. If we take a piece 
of glass having a specific inductive capacity of six and separate two 
charges by this glass the force between them is only one sixth of what 
it is when they are separated by the same thickness of air. Strange to 
say gravitation is not affected by the intervening medium. This may be 
due to the gossamery nature of matter; that is, that the size of the 
molecules is very smal] compared with the distance between them. 

So far as we are aware, chemical action, temperature and change 
of state are without effect on gravitation. No one has succeeded in 
demonstrating that it takes time for its propagation. If it is propa- 
gated in time the rapidity far exceeds that of light. 

If we have two bodies electrically charged in a field and introduce 
a third body there is a redistribution. There is nothing analogous to 
this in gravitation, for the introduction of a third body in no way lessens 
the attraction between the other two. The earth’s attraction is the 
same for me whether alone or in a crowd. 

Thus when we compare gravitation with other phenomena about 
which at least we know a little, so great are the dissimilarities that it 
seems almost to fall outside the bounds of the physical realm. 

Having briefly touched the discovery, law, magnitude, characteristics 
and peculiarities, we are ready to review the attempted explanations of 
the mechanism. 
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One familiar with modern electrical theories knows that the present 
tendency is to include everything in the electromagnetic scheme. Max- 
well started this when he promulgated the electromagnetic theory of 
hight. Experiment by Kauffman on the beta rays of radium lead us to 
regard mass as electromagnetic. Hence it is very natural to try to 
explain gravitation as an ether-phenomenon. This would require that 
the ether be capable of supporting enormous pressure or tension. In 
the older views the ether was regarded as a very attenuated medium. 
Such an ether can hardly meet the demands. Many modern physicists 
regard the ether as very rigid and dense when compared with ordinary 
matter. See Lodge’s “The Ether of Space.” If we follow Sir J. J. 
Thomson, who regards all mass as mass of the ether,! we can calculate 
the density of the ether, for the mass of an electron is about 10-27 
grams and the volume is of the order of 10-°® eubic centimeters; hence 
the density of the ether is 10? or a million million times that of water. 
When we consider the rapidity with which an ether disturbance is trans- 
mitted we see that the rigidity should be very great compared with 
ordinary matter. Taking the density of ether as 10'? and the velocity 
of ether waves as 3X 10° cis. per sec. the rigidity will be of the 


elasticity 

density ¢ 
trinsic energy if due to rotational motion will be of the order of 10°? 
ergs per cubic centimeter, if we assume the velocity of rotation is of the 
order of that of light; since the energy = 4 mass times velocity?, where 
the mass of a cubic centimeter is 101* grams and the velocity is 3 & 101° 
ems. per sec. Jfence the intrinsic energy and rigidity of the ether will 
probably meet the demands if we accept the views of ether and matter 
held by some of the greatest modern physicists. 

If a falling body does not gather its energy from the ether where 
does it get it? Lift a ton to the height of 1,000 feet above the earth’s 
surface and we have 2,000,000 foot-pounds of potential energy, or pref- 
erably a body that in returning to its original position will gather 
2,000,000 foot-pounds of energy. Is this energy inherent in the body? 
Newton’s letter to Bentley shows us that he was opposed to such a view. 
One thing is sure, there is no perceptible change in the mass and chem- 
ical composition of the body at the height of a thousand feet. 

In the “ Principia ” Newton makes no attempt to explain gravita- 
tion, but in one of his optical queries he writes thus: “If the pressure 
in the medium is less in the neighborhood of dense bodies than at a 
greater distance from them, dense bodies will be drawn toward each 
other, obeying the law of gravitation if diminution of pressure is 
inversely as the distance.” 

Hooke, a contemporary of Newton and a man of great ingenuity, 


order of 10** dynes per sq. em., since velocity = he in- 


*See Silliman, ‘‘Lectures,’’ p. 51. 
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attempted a wave theory of gravitation from his observation that bodies 
floating on water agitated by waves were drawn toward the center of dis- 
turbanee. The action of a body immersed in water was not considered. 
Sinee his time various attempts have been made to explain gravitation 
as due to a wave-motion. At the last meeting of the American Associa- 
tion for the Advancement of Science, Mr. Brush, of Cleveland, Ohio, 
presented a paper? in which he accounts for gravitation by ether-waves. 
His theory was doubtless suggested by radiation pressure. His theory 
demands an ether possessed of intrinsic energy. As before stated, the 
views of many modern physicists permit this. He assumes that this 
energy is due to waves; but the frequency is so much less than that of 
heat or light that moleeules will not respond; and hence bodies do not 
become warm. He thinks that the energy of the ether is a generalized 
type whose degradation has been brought about by repeated absorptions 
and remissions. ‘To substantiate this view he cites the case of the 
earth and the sun, in which rays of one length are absorbed by the earth 
and longer ones are emitted. He aecepts the view of J. J. Thomson 
that all energy is kinetic energy of the ether. Before attempting to 
explain the mechanism of gravitational attraction he paves the way by 
referring to a well-known phenomenon in light. If we take an opaque 
body in a room with luminous walls it will experience pressure on all 
sides because we now know that light-waves have both energy and 
momentum. If we now introduce a second body each will be in the 
shadow of the other or will screen the other; and hence the radiation 
pressure 1s less on the side of each body which faeces the other; and 
henee there will be a tendency for the bodies to be pushed together. 
Now substitute for the light-waves waves of great length and less 
frequency, and owing to their low frequency they will affect the interior 
molecules as well as the surface ones, and hence we will have a volume 
or mass effect and not a surface effect as in light. This is in accord 
with Newton’s law, for the force is proportional to the mass. “ We may 
picture . . . molecules of matter buffeted about in every direction by 
ether-waves in which they are entangled, like a suspended precipitate in 
turbulent water.” Now introduce a second body and the pressure in 
the direction of the line joining these two is less than in any other 
direction, as each is in the ‘ shadow’ of the other; hence they are pushed 
together. Notice that according to his theory gravity is not a tension, 
but a pressure. Mr. Brush’s theory, like all other theories regarding 
gravitation, is beset with difficulties. If gravitation is due to a type of 
radiation transmitted at finite speed it ought to be subject to aberration 
as is light. ‘To avoid this Brush takes longitudinal waves and assumes 
the elasticity of ether is such that their velocity is much greater than that 
of light waves which are transverse. Longitudinal waves in the ether 


*See Science, March 10, 1911. 
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have not yet been detected. However, this is no final argument against 
their existence as new and striking discoveries are being made every year. 
These longitudinal waves force us to conclude that the ether is at least 
slightly compressible. If compressible we are inclined, from our knowl- 
edge of matter to think of the ether as discrete or molecular. If dis- 
erete the particles are elastic and we have to postulate a second ether 
to explain the elasticity of the molecules of the first. This destroys the 
simplicity of the ether. 

J. J. Thomson in his Silliman Lectures (page 160) enunciates a 
view somewhat similar to that given by Brush. In place of longitudinal 
waves he used short ether-pulses something like the Rontgen and gamma 
rays are supposed to be. This view presents the aberrational difficulty, 
as do other views which attempt to explain gravitation by a type of 
radiation. On this view any change in gravitation would be propagated 
with the velocity of light; and certain phenomena in astronomy require 
the gravitational effect to be propagated much faster than light. 

Near the beginning of the paper we showed that the gravitative 
attraction between small charged bodies is very small compared with 
the electrical effects. Now if we assume that the linear equations of the 
ether are only approximate we may account for this relatively small 
gravitational effect from terms involving differentials of second or 
higher orders. Larmor? opposes this view because the introduction of 
higher order term not only disturbs the simplicity of the ether scheme, 
but also leads to optical dispersion in free space. If such dispersion 
exists it must be very minute, as bodies emerging from eclipses show no 
appreciable change in color. However, when we compare the gravita- 
tional force with the electrical force we see the former is so very small 
that the higher order term introduced to account for gravitation might 
give us a dispersion too minute for observation. But, as usual, we meet 
insurmountable difficulties. On this view the velocity of transmission 
would be of the same order as that of light; and while we do not know 
whether the speed is finite at all, we do know that if it is finite it greatly 
exceeds that of light. 

Hence at present gravitation seems to be precluded from the electro- 
magnetic scheme, owing to speed of propagation. Since in the last ten 
years we have tried to unify, it is unfortunate that it rebels against 
admission into our scheme. Many have pronounced it a mode of 
activity in the ether not specified but entirely different from the electro- 
magnetic mode. 

Replace Brush’s long waves or Thomson’s short electromagnetic pulse 
by rapidly moving corpuscles and we have Le Sage’s theory. According 
to Le Sage space is filled with minute particles, ultramundane cor- 
puscles, moving rapidly in all directions; hence a single body experi- 


5 See ‘‘Ether and Matter,’’ p. 187. 
VOL, LXXIX,—18. 
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ences an impetus on all sides; but if we take two bodies each screens 
the other and they are pushed together. Notice the force is one of 
pressure and not of tension. At first sight the impulse due to the 
impact would seem to be proportional to the effective area whereas 
according to Newton’s law it ought to be proportional to the mass; but 
when we compare the diameter of a molecule with the distance between 
molecules, we see that only a small portion of the particles are arrested 
and that the number arrested is proportional to the number of mole- 
cules in the body (the mass). 

The objections to Le Sage’s theory are almost too numerous to 
mention. First and foremost, the enormous speed at which these cor- 
puscles must travel not to resist planetary motion involves an enormous 
supply of energy from a source outside our universe. On this theory 
the source of gravitation is ultramundane. Again if these corpuscles 
are elastic there would be no screening action on the part of a body as 
the corpuscles would carry away their energy in reflexion. If the cor- 
puscles are inelastic, bodies ought to increase in size. As the corpuscles 
transfer their momentum to bodies they lose kinetic energy, and accord- 
ing to Maxwell the loss sufficient to account for gravitation if converted 
into heat would keep the body white hot. Sir J. J. Thomson has shown 
that it is not necessary to suppose the energy is transformed into heat. 
In place of heat rays he suggests that the particles might give rise to a 
very penetrating radiation just as the cathode particles are supposed to 
give rise to the short ether-pulse known as Rontgen rays. 

The fact that a physicist of Kelvin’s rank has tried to patch up a 
theory that is so superficial shows how hard put to we are when we 
attempt to explain gravitational attraction. 

About thirty years ago Zéllner explained gravitation on the assump- 
tion that the molecules carry positive and negative charges and the 
attraction between two unlike charges exceeds the repulsion between 
like charges. Lorentz, assuming a neutral body to be an assemblage of 
positive and negative electrons, has used the same hypothesis. 

At Cambridge University during the fall term of 1908, Sir J. J. 
Thomson gave a course of lectures on “ Ether and Matter ” and in that 
course he devoted about three lectures to gravitation. Take two charged 
plates and in place of drawing the resultant Faraday lines of force (a 
Faraday line is a line beginning on a unit positive charge and termi- 
nating on a unit negative charge) consider the components (see Fig. 1). 
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Outside the plates we have opposite effects in the same direction, hence 
they annul. Between the plates we have opposite effects in opposite 
directions and the effects are equivalent and hence cumulative. The 
tension will depend upon the number of lines and the closeness to- 
gether. Each positive line will increase the tension of a positive line 
and a negative line will diminish the tension of a positive line. If a 
positive line increases the tension of a positive line just as much as a 
negative line decreases it, and if a negative increases the tension of a 
negative just as much as a positive decreases it, then the resultant ten- 
sion between the plates will be zero, since there are just as many positive 
as negative lines. But if the effect (increase) of a positive on a posi- 
tive is not the same as a negative on a positive there will be a resultant 
tension between the plates. 

Now take an unelectrified body which we consider an assemblage of 
positive and negative charges. Lines of force will start on the positive 
charges and terminate on the negative ones, and just as there was a 
tension between the plates if the effect of a positive on a positive was 
not the same as a negative on a negative, so there will be a tension 
around this unelectrified body, if the above is true. Hence by making 
the assumption that the lines of force from a positive charge are not 
the same as those from a negative charge, the increase in tension of a 
positive on a positive is not the same as the decrease of a negative on a 
positive and we shall have a resulting tension. This might give rise to. 
forces in the body of which the most important is gravitation. Here 
are Professor Thomson’s own words taken from my class notes: “ Matter 
I regard as made up of positive and negative charges... . Each unit 
charge is the termination of a line of force. I do not regard the posi- 
tive and negative lines side by side as the same.” 

If you are looking for a Herculean task put the theory to test. 
Before starting let me remind you that the effect of the earth’s field 
on an electron is something like 30 million times that of gravity and 
that it is not easy to screen a magnetic force. We see then that this 
theory is beset with difficulties before which the experimenter at present 
is helpless. Again, it complicates the simplicity of the electronic theory 
of electricity. Again, electrical attraction depends upon the medium. 
On this theory should not gravitational attraction also depend upon the 
medium? A summary of Professor Thomson’s lectures on gravitation 
was published in Cambridge Philosophical Society Proceedings during 
the spring of 1909. 

Various other theories have been promulgated but they must be 
passed by. Those interested in the subject will want to read Osborne 
Reynold’s theory. Kelvin’s hydrodynamical theory, which involves both 
the creation and destruction of matter, is rather unique. 

Some despairing of ever finding a physical explanation have taken 
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hold of Riemann’s idea of space as a manifold. As this is wholly extra- 
physical and not in my realm I shall do no more than mention it. 

Thus the phenomenon of gravitation remains a mystery; for so far 
every hypothesis made seems to have insurmountable difficulties. IT am 
not sure that any of them shed hght enough to even convince us that 
we are on the right track. It seems to have little or nothing in common 
with various other things of which we have some knowledge. A few 
years ago when radio-active substances were discovered, we found 
phenomena which at first did not seem to agree with well-known 
chemical and physical laws; but as experimentation progressed con- 
firmation became more general and to-day many, if not all, the discrep- 
ancies have disappeared. Not so with gravitation. It still remains 
one of the least understood properties of matter. Probably if we could 
learn something of the mechanism of gravitation, that attraction between 
particles which only manifests itself at very smal] distances (cohesion) 
might be better understood. 

Nearly two hundred and fifty years ago one of the greatest intellects 
connected with science turned his attention to gravitation. In that two 
hundred and fifty years physical science has made rapid advances. A 
boy who has completed a year’s work in elementary physics could enter- 
tain Newton in electricity were it possible for the great philosopher to 
return to earth. After learning of the great progress in electricity, I 
can imagine him in his eager desire for knowledge turning to the boy 
and expecting some light on gravitation. Alas, not only the high school 
boy, but not even the most learned can give any definite information on 
gravitation. The problem is about where Newton left it. 
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THE PURPOSE AND SOME PRINCIPLES OF SYSTEMATIC 
ZOOLOGY 


By HUBERT LYMAN CLARK 


MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD UNIVERSITY 


OME months ago, I had the opportunity of examining at my leis- 
ure an unpublished manuscript, dealing with a group of ani- 

mals with which my own studies have made me familiar. At the same 
time, I had occasion to consult in connection with my work two pub- 
lications, by different authors, concerning related, though not identical 
groups of animals. The contrasts offered by the three writers were so 
remarkable that numerous questions were raised in my mind, as to 
the motives that led to the investigations, and the principles that had 
governed them. So far as I] can see, each paper may properly be 
classed as a contribution to systematic zoology and yet the three are 
totally unlike. In one of the published papers, the writer is wholly 
eecupied with questions of names. He produces evidence to show that 
a given name is of earlier date than hitherto supposed, another is pre- 
occupied, another was never properly defined, and still others have 
been erroneously used. Even though the results are disturbing, the 
facts brought out are interesting and the methods used are clever, but 
the questions arose in my mind—Is this zoology?’ Or is it history? 
Or what is it?—The other publication was utterly different. The 
author eschewed books entirely. He gave a series of descriptions of a 
number of what he designated as new species. The names he had 
given them were above reproach. The descriptions appeared to be 
lucid. The measurements seemed to be accurate. The locality from 
which each species came was given with more or less exactitude. But 
that was all! Not one species was commented on in any way. Not 
one was compared with any other. ‘There was no more apparent con- 
nection between them than that between the books of a dealer’s cata- 
logue. And again the question forced itself on me—Is this zoology ?— 
The manuscript which I examined was strikingly different from either 
of the published articles and yet it certainly had features in common 
with each of them. There were frequent references to books and 
names, there were descriptions of new species, and in neither respect did 
the writer show greater learning or skill than the authors mentioned. 
Yet the significance of structures and the interrelationships of the 
species were so illuminatingly treated that I never felt any doubt that 
the work was really zoology, or that any zoologist would fail to ac- 
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knowledge its value. But the point of view and the methods of the 
writer seemed so different from those of the other authors, that this 
question arose in my mind—Is it fair to call such work systematic 
zoology? And so, naturally, I fell to considering the purpose of sys- 
tematie zoology and the principles which should govern it. 

A century ago any one who was a zoologist was, almost of 
necessity, a systematist. Althongh Lamarck is now perhaps best 
known for his contribution to philosophical zoology, he was pre- 
eminent in his day as a systematic zoologist, and in some groups of 
invertebrates his work may be regarded as forming in large part, if 
not wholly, the foundation of our present classification. So too 
Cuvier, famed as a comparative anatomist, left as his chief monument, 
the great systematie work, “Le Régne Aninal,” in which the results 
of his anatomical studies were fittingly summarized. But in the days 
of Lamarck and Cuvier, as Agassiz pointed out in his “ Essay on 
Classification,” the fanna of Europe, so far as the larger animals were 
concerned, beeame so well known that men with a love for zoology, but 
withont means of securing collections from foreign lands and not at- 
tracted by the minute forms of life, turned from the describing and 
classifying of animals to a more intensive study of those already well 
known. Not only did anatomy receive more adequate attention, but 
the habits of animals and their relation to their environment became 
subjects of investigation, while under the inspiring leadership of 
Déllinger and von Baer, embryology, virtually a new field, was opened 
to investigators. Then came the days of Lyell, Agassiz, Darwin, Wal- 
lace and their many illustrious contemporaries, and zoologists began to 
realize the magnitude of their field and the multiplicity of its problems. 
No such sudden enlargement of the field for zoological research had ever 
occurred before and probably never will again. It was natural, there- 
fore, that many zoologists working on the frontiers of the new territory 
should not merely lose sight of their fellows, who had not traveled so far, 
or who had journeyed in different directions, but should also lose sym- 
pathy with them. Although the lazy, the easy-going, the incompetent, 
do as a rule lag behind when a new country is opened, those who remain 
in the old ficlds do not usually do so from laziness or incompetence, 
Charlatans and self-seekers are conspicuous in frontier communities, 
but, of course, the majority of those at the front are not such. A man’s 
motives may be the highest and the quality of his work the best, regard- 
less of whether he remains in the old fields or seeks to push the frontier 
further on. Jn any ease, however, he should know what he is trying to 
do and why he is trying to do it. He should be ready and willing to give 
a reason for the faith that is in him—faith that the work he is doing 
ought to be done and that it is his work. It is eminently fitting, there- 
fore, that we who are stil] busied with systematic zoology should make 
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clear our central purpose and formulate some of the principles that 
euide us in our work. In attempting to do this, I am obviously speak- 
ing only for myself. I could not, even if I would, express another 
worker’s motives or principles. The excuse for publishing my own is 
two-fold; the thought that they may be in some way suggestive to other 
systematists, and the larger hope that they may serve to increase the 
mutual sympathy between all classes of zoologists. 

There seem to be at least three current opinions as to systematic 
zoology. One is that it is engaged in the vast undertaking of cataloguing 
the animal kingdom. Every species of animal must be listed and hence 
must have a name, or, at least, a number. That the names may be 
attached to the right animals, descriptions and figures must be pub- 
lished. As there are still an unknown number of unnamed species, the 
describing of new species is the most important part of systematic 
work. The remainder consists of arranging in some sort of compre- 
hensible system the thousands of names already in use. This type of 
systematic work is well shown in Linné’s “ Systema Nature,” the pur- 
pose of which is, frankly, to give a complete catalogue of all natural 
objects. The confidence that such a catalogue would be immensely 
useful for many purposes was a sufficient incentive to undertake the 
labor involved. 

A second opinion of systematic zoology, which has found expression 
several times since the opening of the twentieth century, is at the other 
extreme from the preceding. This very modern view is that systematic 
zoology covers the whole field—morphology, physiology, embryology, 
histology, paleozoology, even cytology are but assistants in systematic 
work. As taxonomic characters occur obviously on the exterior, so they 
oceur no less really, though obscurely, in the internal structure, in the 
performance of functions, in the tissues, in the development, even in 
the mitotic figures in the cells. As comparative study of recent animals 
is essential to a proper understanding of character values, so the careful 
study of fossils and the revelations of the geological record are supremely 
important for systematic work. According to this view, the systematist 
is not the assistant erecting the scaffolding with the aid of which the 
real building is to be done by the other specialists, but he is himself the 
master-builder and the others are the carriers of material with which 
he may build. 

The third opinion of systematic work, held in some degree by many 
zoologists, though often more or less unconsciously and seldom openly 
avowed, is that it forms an elementary sort of study which has a certain 
educational value in training the eye and the judgment of those who 
are to become zoologists. It bears much the same relation to zoology 
proper that arithmetic does to what we call higher mathematics, and 
the really able man will not delay in it, after he has secured the training 
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it affords. It is precminently the field for the amateur and the un- 
trained worker. According to this view, a piece of systematic work may 
well be a part of the training of all professional zoologists, but capable 
men will naturally go on into the supposedly more fertile fields of 
physiology, cytology and experimental zoology. 

As is usnally the case where diverse opinions clash, a measure of 
truth is to be found in each one of the above-mentioned three, and 
doubtless there are other views more or less equally true, to which I 
have given no expression. As a systematist I should be very glad if I 
could bring myself to believe that the second view, formulated above, 
is essentially correct but the more I have thought on the subject the 
more strongly I have felt that it claims too much. It juggles with words 
and distorts some inescapable facts. On the other hand, every system- 
atist whose zoological horizon is not hopelessly limited must reject 
the first view as utterly inadequate, while he will very naturally resent 
the implications of the third. There can be no question that so far as 
it goes the first view is true; naming species and cataloguing them, and 
even determining the correct names to use, are a conspicuons part of 
systematic work still. If, however, the systematist goes no further, he 
can not expect high rank as a zoologist. He ought not to ignore the 
significance of his observed facts; he ought to welcome, even if he can 
not seek for, information from each and every part of the field of 
zoology. If he neglects or refuses to listen to the suggestions of physiol- 
ogy, embryology or paleontology, he is not worthy of his task. And this, 
it seems to me, is the very real truth in the second view mentioned. In 
the third view, the vital fact is that good systematic work requires more 
than ordinary training of the abilities to see, and to estimate the rela- 
tive wortlr of the facts observed. It errs in assuming that a mind so 
trained can not find an adequate field of usefulness in systematic 
zoology. 

Combining the above-given truths, we find we are still far from 
expressing the central purpose of systematic zoology. We have only 
brought together a statement of certain means to be used, of certain 
sources of material and of certain abilities required. The end in view 
is hardly suggested. As the purpose of zoology is something beyond 
the mere knowledge of all the phenomena of animal life, seeking further 
the true interpretation of those phenomena and even further to the 
ultimate interpretation of life itself, so it seems to me, the purpose of 
systematic zoology reaches beyond the mere increasing of our knowledge 
of animal forms and seeks a true interpretation of the resemblances 
and differences which we find among them. Primarily, however, it 
deals with results and is only indirectly concerned with the methods 
by which those results have been attained. It deals with the travelers, 
the routes traveled and the destinations reached in the animal kingdom, 


SYSTEMATIC ZOOLOGY 265 


but it leaves for other zoologists to determine the means of transporta- 
tion and the causes of the traveling. Briefly we may express the motive 
thus: 

The purpose of systematic zoology is to determine the racial charac- 
teristics, and to set forth clearly the mutual interrelationships of 
animals. 

The validity of this statement will not be affected, I think, by either 
the size of the group with which the systematist may deal, or the phase 
of the subject which specially interests him. It applies just as well to 
the man who specializes in a single genus as to him who attempts to 
comprehend a whole order or class. The only difference is that the 
smaller the group, the more the worker may hope to attain his purpose, 
at least to some degree. The larger the group the less is it possible for 
the purpose to be attained. Nor does it matter whether the systematist 
is especially interested in new species, or in the morphology or life 
histories of old ones, or in the geographical or geological distribution of 
animals. If his purpose is to determine more accurately the racial 
characteristics, or to make more clear the interrelationships, of the 
animals with which he deals, the value of his work as systematic zoology, 
at least so far as it is reliable, can not be questioned. And should the 
day ever dawn when it can be fairly said that the purpose of systematic 
zoology, here formulated, has been attained, we shall have, not merely a 
complete catalogue, but a complete history of the animal kingdom. 

Having thus defined what seems to me the purpose of systematic 
zoology, I hope I may be pardoned if I attempt to formulate some of the 
principles which it seems to me ought to govern such work. And I may 
say at the ontset that few inexperienced workers appreciate the diffi- 
culties involved. It is no uncommon thing to hear systematic work and 
workers severely criticized for the instability and uncertainty of their 
results. Such critics forget that nature is essentially unstable and that 
the fundamental difficulty of the systematist is the continual variation 
of the material with which he deals. No doubt much descriptive work 
has been poorly done and unfortunately it is true that in the past some 
systematists have ignored their predecessors and their colleagues. But 
at the present day descriptive work is, as a rule, well done and is often 
accompanied by most accurate figures, while ignoring the work of others 
is remarkably uncommon and is very rarely intentional. Nature, how- 
ever, is as variable as ever and the best of descriptions and figures can 
not deal adequately with her marvelous diversity. Moreover, mn addi- 
tion to the inherent difficulty of variation in his material, the system- 
atist has to face the even more exasperating difficulty of variation in 
human judgment. Not only do the judgments of his non-systematic 
colleagues differ from his own, but on any given point the best trained 
students of his particular group are quite likely to differ from him and 
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from each other. Still worse is the indubitable fact that his own judg- 
ment varies. What seems to him well-established at one time may a few 
months later be incredible, not so much because of new facts bearing on 
the matter, but because his horizon has enlarged or his point of view 
become fundamentally changed. As long as nature and human judg- 
ment are what they are, it is hopeless to look for perfect stability even 
in as artificial a thing as nomenclature, except by arbitrary decisions 
adopted by practically unanimous consent. No code can be devised 
which will meet all the needs of the case, and most zoologists will con- 
tinue to call a holothurian a holothurian in spite of the codes, until it 
is arbitrarily agreed to call it something else. I can not see that the 
proposed substitution of numbers for names would tend to either greater 
simplicity, intelligibility or stability. The difficulty is not with the 
names we have given, but with the objects we have named and the 
judgments which interpret our definitions. Recognizing then these 
two fundamental difficulties at the very base of systematic work, I ven- 
ture to suggest a few principles which would, I think, if universally 
adopted, increase the clarity and stability of our results. They are 
more or less generally accepted even now, and I claim no originality in 
setting them forth. I only hope their formulation may lead to more 
extended recognition. ‘The first one may be expressed thus: 

Naming and describing new speeies and correcting nomenclatural 
errors, while valuable and indeed essential, is frankly the most elemen- 
tary and henee the lowest form of zoology. 

The zoologist who, like inyself, enjoys collections and finds an un- 
ceasing interest in the diversity of animal forms, very easily overlooks 
this principle, though he will rarely question it when fairly stated. He 
will grant that after all, names are but handles by which the ever- 
increasing number of animal units may be shifted and turned and made 
use of in zoological building, and he will probably admit that the handle 
is not so important as the unit. It would be well if we went further and 
acted on the principle that the smoother a handle is and the more 
perfectly it is adapted to its object, the better and more usable it is. A 
clumsy naine or a meaningless name or a namne that has no natural 
and inherent association with the objeet is not a desirable name, for it 
is not a well-formed handle. This is why, in my judgment, the use of 
the names of persons for zoological units is to be deplored. They rarely 
have any inherent association with the object, and after a short time 
they have no significance whatever. Any oue looking at the animal 
can see why a eertain oddly shaped sand-dollar was called Rotula 
dentata, but how many of us know who Rumphius was that the same 
animal should have been called by another writer Rotula rumphii? 
The use of place-names has more justification, especially for insular or 
local fornis, but it has led to inany meaningless or misleading names 
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and is seldom to be recommended. There can be no doubt that badly 
formed and inappropriate names have been a just cause of much of the 
criticism of systematic work. The correcting of errors is always an un- 
gracious task, especially where the errors are apparently trivial and 
obviously unintentional, and this is particularly true in systematic 
zoology. No reasonable person will, however, question the necessity of 
it or refuse to accept the correction if it is justified. But in such work, 
accuracy of statement, soundness of judgment, clearness of reasoning 
and perfect courtesy are required to an unusual degree. These qualities 
are, of course, essential for the best scientific work of any kind, but they 
are particularly so in systematic zoology, where so much work is of an 
elementary nature. The lack of one or more of them has depreciated 
the value of many an elaborate monograph. On the other hand, their 
presence does not alone guarantee the worth of a piece of zoological 
research. And this suggests the second principle I desire to emphasize. 

To be of real worth and permanent value, the systematic study of 
any group of animals must take into aceount, so far as they are known, 
the pre- and post-natal development, the geological history and the 
geographical distribution of the species whieh compose tt. 

A systematic study of any group of animals which considers only 
the adults, even if the morphology, physiology and habits are all taken 
into account, can not be regarded as complete. Nature would indeed 
be a puzzle and interrelationships a hopeless snarl, if the stages of de- 
velopment were not discoverable or were meaningless. It is ineredible 
to me that any zoologist, who has examined the evidence at all, can 
deny the existence of stages in both pre- and post-natal development or 
question the fact that those stages have some meaning. And J am un- 
able to believe that we can even approximate the true history of any 
group of animals so long as those stages are ignored. Equally im- 
portant is the paleontological evidence and to ignore it when it exists 
in any appreciable amount is indefensible and may result in deplorable 
error. For some reason the relationship of systematic zoology to geo- 
graphical distribution has been more generally recognized than its 
relation to paleontology, but it seems to me obvious that in the diversi- 
fication of the animal kingdom, the clement of time has becn fully as 
important as that of space. Jn neither case, however, is it justifiable 
to assume that quantity (of either time or space) is necessarily corre 
lated with specific qualities. Discontinuous distribution, either geolog- 
ically or geographically, ought never to be regarded by itself as a dif- 
ferential character. Either may be used as an additional character for 
a group otherwise structurally distinguishable, but no species (or other 
group) ought ever to be recognized whose identity can not be deter- 
mined without knowing the locality or the geological horizon from 
which it came. ‘To act on any other principle can not fail to lead to 
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serious confusion. In view of all the evidence then which must be 
taken into account, it is clear that the final decision on the validity of 
any group must be rendered by the systematic workers in the larger 
group to which it belongs. It is not to be expected that physiologists 
or experimental zoologists or even entomologists can decide as to either 
the validity of a species of sea-urchin or the desirability of a genus 
of birds. And this leads to a third principle often overlooked. 

While genera and larger groups in our systems of classification 
ought to be based on relationship, their delimitation is often of neces- 
sity artificial and is purely a matter of expediency or convenience. 

The English zoologist Duncan maintained that it is “ impossible 
to admit genera which are not differentiated by characters which have 
a decided and important physiological value.” Other zoologists have 
ignored or distinctly repudiated this view. The difference of opinion 
seems to be based on a difference in the approach to the question and 
it is to this same difference of approach that all discussion as to the 
relative merits of large and small genera is due. The zoologist who is 
particularly occupied with the diversity of species and who has ex- 
amined large numbers of individuals in the attempt to establish 
specific limits becomes impressed with the great importance of con- 
staney in any given character and, when he finds a group of species 
which possess in common a character, or certain characters, con- 
stantly maintained, he finds it desirable to designate them by a com- 
mon name and the group is to him a genus. Such a process naturally 
Jeads to numerous small genera. On the other hand, the zoologist who 
studies, from the morphologist’s view point, relatively few specimens, 
representing perhaps many species, is naturally most impressed by the 
resemblances, and he finds that as regards characters which to him 
seem of physiological importance, his material divides into compara- 
tively few groups. These he designates as genera and since the minor 
characters reveal a more or less marked differentiation into species his 
genera are naturally large. It seems to me that the difficulty is the 
same as would arise were one trying to decide what is a branchlet on a 
tree. In certain old, nearly dead trees, or in very young ones, there 
might be little difficulty, main branches, secondary branches, branch- 
lets and twigs would all be sufficiently few to be distinguishable and 
there would be little disagreement as to the limits of the branchlets. 
But in most trees this would not be the case and much would depend 
on whether one began at the twigs and worked downward or at the 
branch and worked upward. In other words, while genera are, or at 
least ought to be, natural groups, their limits are often necessarily 
artificial and arbitrary. We recognize them by name for convenience 
and their limitation is largely to be determined by expediency. To 
sav, as Dunean does, that it is “impossible” to recognize certain 
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genera is an exaggeration, however inexpedient we may deem such 
genera to be. Wherever the number of species in a genus is, by the ex- 
tension of our knowledge, so increased as to make the group un- 
wieldy and more or less heterogeneous, it may for convenience be 
divided. Whether such divisions are called genera or subgenera 1s 
again only a matter of expediency, but for my part I have never been 
able to see the merit of subgencra. Jf a group of species is not marked 
by sufficiently constant characters to make it recognizable, it is not 
entitled to a name, and if it is so marked, I fail to see why it should 
not be called a genus. I do not think the description of a tree would 
be made more lucid by an attempt to recognize sub-branchlets. It is 
true that the extensive use of subgenera would permit a correspond- 
ing decrease in generic names, but I do not think this would be any 
real advantage. We may as well face the fact that it is no longer pos- 
sible for any one man, unless he be rarely gifted with the right sort of 
a memory, to know the principal genera of all classes of animals. Our 
knowledge of the animal kingdom has so expanded in the last thirty 
vears, that even if a man specializes in the most elementary form of 
systematic zoology, he can not hope to have a comprehensive view of 
all known genera. No one will deny that this is to be regretted, but 
while the fault may be in part due to our systems of nomenclature, the 
chief blame must rest on nature and the curiosity of zoologists. The 
diversity of animal life and the zoologist’s insatiable desire to continu- 
ally increase our knowledge thereof are at the root of the trouble. It 
has been said that the general lack of interest in natural history among 
the people at large is due to our complex nomenclatural system. I 
doubt if interest in natural history ts any less now than it has been in 
the past, but if it is 1 do not believe the fault is with our nomencla- 
ture. Granting, however, that it is, I do not see how the difficulty can 
be avoided. When we are told that the would-be naturalist knows a 
robin as Turdus migratorius and it is unfair to him to so divide 
Turdus that the robin has to be called by some other name, we can 
only reply that the inconvenience and annoyance of giving up the old 
name are obvious, but the progress of our knowledge of thrushes in 
their specific diversity has shown that the robin, when compared with 
the original species of the genus, is not a Turdus, and it is therefore 
inaccurate, to say the least. to continue to use that name. And in 
scientific work to be inaccurate is a more serious fault than to be an- 
noying. The importance of accuracy in systematic work suggests a 
fourth principle which may be expressed as follows: 

The value of a character for distinguishing species or higher groups 
depends chiefly on its constancy, and for indicating relationships within 
a group on its significance; in neither case is its conspicuousness any- 
thing more than a matter of convenience. 
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Few zoologists realize that the usefulness to the systematist of any 
characteristic of an animal depends on the end in view. Since species 
are the units with which our work is chiefly done, their most usable 
characters are those which will readily distinguish them from each 
other. But when we try to arrange them in genera and show the nat- 
ural interrelationships of any group, the characters in which they are 
alike are of far more importance than those in which they differ. 
For defining species then we are often justified in using characters 
which seem to us trivial and of no significance. Not infrequently 
newly proposed species are condemned because the characters on which 
they are based are said to be “so trivial.” When this criticism is ex- 
amined, however, it will be found that it really confuses two very 
different things which may be illustrated as follows. A newly described 
bird is said to differ from another species in having the iris white in- 
stead of brown and the tail feathers tipped with cream-color instead of 
yellow. Such differences are certainly trivial, but experience has taught 
us that the color of the iris rarely, if ever, shows such a degree of 
diversity within a single species, and if the examination of a fair 
amount of material shows the two characters given to be constant, the 
validity of the species can hardly be questioned. If, however, the new 
bird is said to be characterized by a longer bill, a more markedly yel- 
low tinge below and a greater amount of yellow on the tail feathers, 
these characters would not only be considered trivial but we should be 
justified in being skeptical of the validity of the species because ex- 
perience has taught us that such characters are subject to very great 
diversity. If new species are to be condemned, then accuracy demands 
‘that it shall not be because the characters assigned are trivial, but be- 
cause they are inconstant and hence unreliable. When we come to 
genera, however, while it is of course desirable that the characters 
should not be trivial in any sense, the essential point is that they 
should have some significance, either historical or physiological. 
These two terms are not synonymous, for such a structure as the vermi- 
form appendix in man has a historical, though apparently not a physio- 
logical, significance. Usually, significant characters are more or less 
conspicuous, and I am strongly inclined to believe that where they 
are internal, or otherwise difficult to ascertain, they are associated with 
external, or in some way obvious, characters. The formation of genera 
based on larval characters, or those of some other special stage of de- 
velopment, is greatly to be deplored, and I have no doubt that if such 
groups really represent natural relationships, differential characters. 
will be found in the adults. If they are not, it seems to me clear that, 
notwithstanding the possibilities of what we call “ parallelism” and 
“convergence,” the characters of the special stage are temporary 
adaptations of variable significance. It is impossible to designate any 
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character or group of characters which may be relied on for systematic 
purposes in all groups of animals. Certain characters of remarkable 
constancy or obvious significance in some groups are quite unreliable 
in others. Color is a conspicuous illustration of this important fact, 
for in certain groups it is very constant, or has some very evident sig- 
nificance, while in others it is so inconstant and diversified that it is 
of no use to the systematist. And this remarkable difference in the 
value of color may occur within the limits of a single genus. Only by 
extended knowledge of a group can it be determined what characters 
are of value for either the differentiation or the grouping of species. 
It is perfectly proper to speak of questioning the validity of a species 
and its validity must ultimately be determined by the constancy of the 
character or group of characters supposed to distinguish it. But it is 
not correct to speak of questioning the “‘ validity ” of a genus. Its de- 
sirability and the accuracy of its definition may either or both be ques- 
tioned. One genus is as “valid” as another but the desirability of 
naming any group is a matter of opinion. And this brings us to the 
last of the principles I wish to formulate. 

In all systematic work, the line between facts of nature and opinions 
of the worker should be sharply drawn; the value of the work often 
depends on the clearness of this line. 

One of America’s greatest zoologists was wont to repeat over and 
over again to his students these words: “ The assertion that outstrips 
the evidence is acrime.” Like most aphorisms of the kind this sentence 
needs some qualifications, but zoologists will hardly question the modi- 
fied form that “ the assertion as a fact, of what is really only an opinion, 
is a crime.” The more unqualified the assertion, or the hazier the 
opinion, the greater is the crime. The opinions of a writer, particularly 
if based on careful observations and long experience, may be as valuable 
as his facts, but it ought never to be possible to confuse the two. It 
should be the aim of every systematic zoologist to set forth his facts so 
distinctly and so unmixed with opinions that any qualified worker may 
form accurate opinions for himself, and to so express his opinions that 
the justification for them in the facts of nature may be clear to all. 

Having thus set forth what seem to me five of the most important 
principles of systematic zoology and realizing the possibility of varied 
shortcomings of my own with reference to them, I can only add in con- 
clusion, as indicative of my repentance, Peccavi. 
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i lis the older regions of the country the scarcity of animals and birds 

has been noticed and studied for a long time, but many persons 
are unaware of the rapid decrease in bird and animal life in recent 
years. From the timbered regions of the far west, that region which 
was thought to contain inexhaustible supphes of game of all descrip- 
tion, we are constantly hearing such queries as; “ What has become of 
our Rocky Mountain goats and sheep, which were once so conspicuous 
on the cliffs of the Rockies? Where are the elk and other deer?” In 
Maine the same questions are being asked concerning the moose and 
earibou; while the whole country is wondering why the birds are disap- 
pearing so rapidly. 

The question has aroused the government, as well as the naturalists, 
with the result that numerous investigations and reports have been 
made. Any one who has taken the trouble to do a little investigating 
along this line, if he has done no more than to investigate local condi- 
tions, has had no difficulty in arriving at the conclusion that many of 
our wild animals and birds are decreasing in numbers at an astonish- 
ingly great rate and that several] forms have been practically wiped out 
of existence. 

I do not think that any one section of the country can be accused 
of more wanton killing than another, for the people of all sections are 
guilty of carelessness in the matter of game preservation. Every one is 
familiar with the fact that millions of bison were killed on the plains of 
the West, but few are cognizant of the fact that the inhabitants of the 
Southeast had a hand in dealing, what came verv near being the death 
blow to the buffalo tribe. From Carolina on the east to the foothills of 
the Rockies, the bison was wont to roam; very probably then, the in- 
habitants of the southeastern country had a hand in the slaughtering. 
Their herds were estimated to have contained from one hundred and 
fifty million to four hundred and fifty million. A government census, 
taken with as much eare as was possible, showed that in 1850 the herds 
numbered about forty million head. By 1883 about the only traces of 
wild buffaloes in this country were the vast acres of prairies strewn with 
bones and horn. If the government had employed men to exterminate 
the bison, they could not have gone at it more thoroughly than the 
buffalo hunters and Indians did. From 1850 to 1883, a period of 
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thirty-three years, the number slain was more than two hundred and 
fifty million, or about eight million each year; a record which has few 
parallels. Ten or twelve years ago there were very few American chil- 
dren who had ever scen a bison. Just a few years ago, we all began to 
realize that if a single bison was to be left, effective means must be 
started to put a stop to the indiscriminate slaughter. The few remain- 
ing bison, under care and protection have thrived remarkably well, and 
increased their numbers considerably. The American Bison Society 
has recently taken the census of the bison, and reports that all told, 
there are twenty one hundred and eight of them distributed among three 
government herds, besides various private ones. 

On account of the fact that the alligator is a native of the extreme 
southern part of this country, many people are uninformed as to the 
rapid decrease which the demand for *gator skins has made upon the 
numbers of alligators in Florida and other southern states. Twenty 
years ago it was a common occurrence to find alligators of great size in 
many of the streams of North Carolina, South Carolina, Georgia, 
Mississippi, Florida and Louisiana. In all of these states excepting 
Florida and Louisiana, the saurian representatives are comparatively 
searce. Florida has the greatest number now, not because of any 
legislation or special effort for their protection, but because the ever- 
glades and the mild climate constitute the natural habitat of the alli- 
gator. To-day Florida has laws for the protection of the alligator, and 
is making every effort to have them enforced. They were being killed 
in such great numbers that, with a few more years of the “ pot hunter ” 
and skin collector, the alligator would have been listed among “ those 
which had been.” <A few figures will suffice to show to what extent the 
killing of alligators has gone. Between 1880 and 1890, three million 
eight hundred thousand alligators were killed in Florida alone; and 
during the year 1908 twenty thousand were killed. In the majority of 
cases the skin was taken off, and the rest of the body wasted. It was not 
until 1885 that the demand for the skins was so great, when suddenly 
fashion decreed that, satchels, pocket books, music rolls, ete., made of 
alligator skins were just the style; and the above figures show how it 
affected the number of alligators. 

From reports, which represent practically the entire area of the 
United States, gathered by Dr. Hornaday, of the New York Zoological 
Garden, one can state without any fear of contradiction that the follow- 
ing mammals, in the wild state, are practically extinct or are rapidly 
becoming so. Among the ruminants or cud-chewing animals, the bison 
of course holds first place, with the wapiti or American elk (Cervus 
canadensis), moose (Alces americana) and woodland caribou (Rangifer 
caribou) good seconds. Notable among the smaller ruminants are: the 
Virginia or white tailed deer (Cartacus virginianus), mule deer (Cari- 
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acus macrotis), black-tailed deer (Cariacus columbianus), prong-horned 
antelope (Antilocarpa americana), Montana goat (Ovis montana) and 
the mountain goat ({oploceras montana). Bears in general are greatly 
on the decrease, and especially the black bear (Ursus americanus) and 
the California grizzly bear (Ursus horribilis horrieus). The carni- 
vores are represented by the puma or mountain lion (Felis concolor), 
jaguar (Felis onca), red lynx (Lynx rufus), otter (Lutra canadensis). 
The rodents, or gnawing animals, on the whole seem to be on the 
increase, but the most valuable member of the order to man, the beaver, 
(Castor canadensis) is fast nearing extinction. 

Concerning the bears Morse’s “ Universal Geography” for 1812, 
states that eight hundred thousand hides were shipped out of the 
United States every year. Jf there is such a thing as a bear industry in 
this country now it is of exceedingly small importance. In 1784, from 
one city alone, Charleston, 8. C., six hundred thousand deer hides were 
shipped; in 1812 the price paid for a buck was forty cents; in 1878 
venison cost three and one fourth cents per pound; in 1908 it took 
forty cents to buy a pound of venison, just exactly what a whole buck 
cost in 1812. Evidently there are not as many deer as there used to be. 

It is natural, of course, that the wild animals of a country should 
decrease as the population increases, since an increase in population 
means that new land must be cleared, and the wild animals living in 
the region of increase, killed off. In many countries, where the popula- 
tion per square mile is so much greater than it is here, there would be 
some excuse; but not in America where miles of prairie and mountain 
are uninhabited. ‘here is not a single region in this country where 
the majority of species of mammals is not on the decrease. 

Bird life, on the whole, has decreased a great deal more than animal 
life; there are a few regions, though, where birds are increasing in 
numbers. According to reports received from thirty-six states and 
territories, Dr. Hornaday is of the opinion that in the last fifteen or 
twenty years the bird life in the United States has been decreased by 46 
per cent. The greatest amount of damage seems to have been done in 
Florida, where the decrease is 77 per cent. In Indian Territory, the 
region constituting the eastern portion of what is now the state of 
Oklahoma, the loss is 75 per cent. From Connecticut a loss of 75 per 
cent. is also reported. The states having the smallest losses are: 
Nebraska 10 per cent., Michigan 23 per cent., Colorado 28 per cent. 
and Massachusetts 2% per cent. In three states, North Carolina, Cali- 
fornia and Oregon, the balance of bird life has been maintained ; that is, 
the losses in one form of bird life have been made up by increases in 
other forms. In North Carolina, along the coast region, bird life has 
suffered great losses, but in the thickly wooded mountainous regions 
of the western part of the state the birds have greatly increased in 


THE ANIMAL KINGDOM 275 


numbers. In four states, and to them commendation is due, the 
number of birds has increased. They are Kansas, Wyoming, Washing- 
ton and Utah. 

What has become of the passenger pigeon (Kctopistes migratorius), 
prairie chicken (Tympanucus cupido), the Carolina paroquet (Conurus 
carolinensis) ; and why are the following so nearly extinct: blue bird 
(Sialia sialis), the white heron (Ardea candidissima) ? In every case 
the answer is one or all of the following conditions: indiscriminate 
hunting, wanton slaughter, and the collection of plumes or of eggs. 
None of these are natural conditions, and therefore it is ng beyond 
the power of man to better them. 

The birds which are affected most by the indiscriminate hunting are 
the gallinaceous birds, such as the grouse, quail, partridge and turkeys. 
The wild ducks and shore birds are also considerably affected. The 
wading birds, among which are the various forms of heron and bittern, 
have found their worst enemies among the plume collectors, or plume 
thieves. The men who collect feathers from these birds are not content 
to pluck the feathers and release the birds, or to confine their depreda- 
tions to the males; but they kill the female herons, for the plumes and 
egrets that they furnish, while they are on the nest. It is only during 
the mating season that the feathers are in a suitable condition for 
plucking, hence the annual raid made upon the nesting herons. 

Tt seems strange that women, who by nature are supposed to possess 
so much gentleness and sympathy, and who shrink from anything that 
savors of cruelty, should be content to adorn their hats with feathers, 
the procuring of which necessitates so much wanton cruelty and 
murder. But Dame Fashion has decreed that feathers shall be worn; 
regardless of how they are secured, they have been worn, and a study of 
the following figures will give some idea of the effects thereby produced 
on the colonies of herons and egrets. Within the past twenty years the 
snowy heron has practically disappeared from China, where it was 
once so plentiful. Twenty years ago, there was in the region about 
Charleston, 8. C., at least three million of these birds; to-day less than 
one hundred remain. There is but one small colony of the American 
egret left in this country, and that one is on the coast of South Carolina. 
This colony was fired into last year, and again this year, so that now 
less than twenty birds remain. It will be but a few years, unless some 
drastic measures are taken, before the history of this bird will be the 
same as that of the passenger pigeon. Our grandparents tell us of the 
times when the skies were darkened by the millions of pigeons which 
were seen in the middle west. Last year a reward of four hundred 
dollars was offered by a college professor to any one who could furnish 
accurate proof of a single nesting pair of passenger pigeons. I am of 
the opinion that no one applied for the reward. 
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In 1830 the Carolina paroquet was so numerous that it was reported 
that Audubon killed a half barrel with two shots of a shot gun. In 
Carolina not a single one remains, and in the wilds of Florida but few 
can be found. 

The prairie chicken was once so abundant, that in Kentucky, where 
the slave owners fed it to the negroes, they tired of it and begged their 
masters not to make them eat it. It was commonly known as “ nigger 
bird.” To find the prairie chicken now, one must tramp the isolated 
regions of the west. Even in Indian Territory, a hunter is considered 
lucky if he even gets a shot at one. I have heard the old settlers say 
that the prairie chicken was once more abundant than the English 
sparrow is now. 

The game birds are so nearly depleted, that our song birds are being 
killed off as a result. The quest for game birds having failed, and the 
desire to “ kill something” being still unabated, the “ hunter” “takes 
it out” on the song birds. The blue bird is fast nearing extinction, 
and the larks and several other songsters are suffering a considerable 
depletion in numbers. 

After reading the above reports of killing and depletion, one is apt 
to take a pessimistic view of the situation; but thanks to the Audubon 
Societies, which are pretty well established in every state, the appoint- 
ment of game wardens, who are beginning to realize that they are 
personally responsible for the condition of bird and animal life in their 
region, the issuing of hunting licenses, which necessarily prevents a 
great many unscrupulous men from hunting, and the widespread 
‘interest which is being manifested in the cause, there is no reason why 
the great decrease should continue. 
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FOOD PREPARATION AND ITS RELATION TO THE DE- 
VELOPMENT OF EFFICIENT PERSONALITY 
IN THE HOME? 


By LAURA CLARKE ROCKWOOD 


IOWA CITY, IOWA. 


INTRODUCTION 


Nees main purpose of this paper is to show something of the manner 

in which woman’s work in the home in regulating and arranging 
the diet of her family may help or hinder their harmonious vital, 
mental, moral and social development as well as her own, through her 
ability or inability to make use of the accumulated knowledge of con- 
ditions necessary for human welfare. 

The purpose also is to show if possible the importance of greater 
knowledge of what is best for individual welfare on the part of home- 
makers to whom is intrusted the first and early care of the potential 
citizen or the social personality with its varied phenomena of vitality, 
mentality, morality and sociality. 

Vitality is fundamental. Without good health we can not expect 
the highest mental development. Without good health and the vital 
conditions which produce it we can not expect a high morality. With- 
out good health and the sense of well being which accompanies it, we 
can not expect a deep sense of sociality or social sympathy. 

Two factors operate to produce vitality, 7. e., heredity and hygiene. 
Within the limits of this paper heredity has no place. One phase alone 
of hygiene will be discussed. The hygienic methods of improving 
vitality may be classed in three groups—public hygiene or the activities 
of government, such as general sanitary measures; semi-public hygiene 
or the activities of the medical profession and institutions such as hos- 
pitals; and personal hygiene or the private life of the individual and 
family. 

The subject of personal hygiene has three main divisions: nutrition 
or suitable foods; environment—air, soil, clothing, dwellings and so 
on, and activity or the proper balance between work, play and sleep. 
Still another element in personal hygiene concerns the sex relation. 
These divisions of the subject of personal hygiene are closely bound 
together in their importance to human welfare. Yet food is the pri- 
mary essential of the human organism. Food, then, is the phase of 

1The writer wishes to express her sense of obligation in the preparation of 


this paper to the department of sociology and economics and the department of 
chemistry of the State University of Iowa. 
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personal hygiene which will be considered in this paper. It will be dis- 
cussed in its relation to the development of efficient social personality 
in the home. 

We trace first the development of public sentiment in regard to the 
importance of food suitable to maintain the body in a state of efficiency 
and health. 

Distinet progress in the study of the foods necessary for the body was 
made when chemists and physiologists began to work hand in hand in 
their investigations. Liebig (1803-1873) took a step in advance when 
he declared that protein foods are the source of energy and his state- 
ments held sway for many years until they were overthrown by experi- 
mental evidence. Fick, who in 1865, made an ascent of the Faulhorn 
on a diet entirely without protein did much to overthrow Liebig’s 
theory.” 

Other original investigations followed, for the necessity of experi- 
mental evidence had by that time been fully established, until we come 
to the name of Karl von Voit, who in his studies in metabolism, sought 
to learn the kinds and quantities of food used by people of different 
ocenpations.® 

Professor Atwater, lately deceased, contributed much by original 
studies to the subject of diet and nutrition in our own country.* 
But the most scholarly and thorough investigations in this country 
on the subject of diet in its relation to the actual necessities of the body 
have been carried on by Dr. Chittenden, professor of physiological 
chemistry at Yale University and director of the Sheffield Scientific 
School.® In these he has sought to establish by a series of accurate tests 
of sufficient number to warrant conclusions the minimum requirements 
of food for the body under certain conditions. He sought to determine 
the real physiological needs of the body for food in order that energy 
may be furnished and tissue be built up and replaced. 

These data furnished by the chemists and the physiologists con- 
cerning the food necessities for individual welfare, the sociologist makes 
use of in his study of society, for a society can be no more potent than 
is the personality of the individuals who compose it. Hence, as Pro- 
fessor Giddings says, “The supreme result of efficient social organi- 
zation and the supreme test of efficiency is the development of the 
social man.” ° 

?Gesammelte Schriften von Adolf Fick, ‘‘Ueber die Entstehung der Muskel- 
kraft,’’? Band 2, 

*Von Voit, ‘‘Physiologie des Allgemeinen Stoffwechsels und der Er- 
naehrung.’’ 

* Atwater, ‘‘Foods, Nutritive Value and Cost,’’? ‘‘¥ood and Diet,’’ and 
others, U. 8. Department of Agriculture. 

® Chittenden, ‘‘Physiological Economy in Nutrition,’’ 1904; Chittenden, 
‘(The Nutrition of Man,’’? 1907, F. A. Stokes Co. 

® Giddings, ‘‘Inductive Sociology,’’ p. 248. 
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The phenomena of personality may be divided into four classes: 
those of vitality, mentality, morality and sociality. According to the 
author just quoted, “the development of the social personality is meas- 
ured by the increase of vitality, of sound and high mentality, of moral- 
ity and of sociality; and by a decrease in the population of the number 
of the defective, the abnormal, the immoral, and of the desocialized, the 
deindividualized and the degraded.” 7 

The development of vitality is fundamental in harmonious personal 
growth. From the days of the early Greeks the necessity of a sound 
body as a pre-requisite of a sound mind has been fully recognized and 
sought for in accordance with the knowledge available for the subject. 
The recognition of the connection between moral life and menta! life 
has been somewhat more tardy, as also has been the knowledge of the 
connection between morality and sociality. Even though Jesus centuries 
ago declared, “Thou shalt love thy neighbor as thyself,’ and “ He 
that saveth his life shall lose it,” we have been very slow to comprehend 
the fact that universal brotherhood is indicative of a high type of 
morality. 

However, we have come now to see the fact that sociality rests upon 
morality, that morality is a differentiated form of mental life, and 
mental life is conditioned upon physical life while efficient physical 
life depends primarily upon the food we eat. 

Consequently some of the essential studies of the sociologist are 
food necessities and vital statistics in order that he may understand 
the possibilities of harmonious development of the social man. This 
century has been especially rich in studies of this kind, but as long ago 
as the eighteenth century Adam Smith expounded the advantage to 
the community of a rising standard of living among laboring classes.® 
In our own century the work of investigation into the standards of 
living in their relation to social welfare have been undertaken by many 
individuals and agencies.® 

The general plan of these investigations has been a study of living 
conditions as they actually exist among working people, for the most 
part, because the animating purpose of many of these inquiries has been 
the desire to improve the condition of the wage earner. 

For instance, Mrs. More in the book entitled “ Wage Earner’s 
Budgets” gives the results of a personal investigation into the stand- 
ards and cost of living of two hundred families in two districts in New 

"Ibid., p. 250. 

* Adam Smith, ‘‘ Wealth of Nations,’’ part 1, chapter 8. 

*The publications of the United States Bureau of Labor, the publications 
of the Bureaus of Labor of Connecticut and Massachusetts and the publications 
of the Department of Agriculture; Devine, ‘‘ Principles of Relief,’’ chapter 3; 
Bosanquet, ‘‘The Standard of Life and other Studies’’; Booth, ‘‘Life and 


Labor of People in London’’; More, ‘‘Wage Earner’s Budgets’’; Chapin, 
‘‘The Standard of Living in New York City.’’ 
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York City. The people represented the leading trades and occupations 
of city workmen under the usual city conditions. Her conclusion was 
that a well-nourished family of five needs at least $6 a week for food in 
households where there is good management, and she says further that 
what is done with the weekly income and the amount of comfort it will 
bring depends almost entirely upon the character and ability of the 
wife. 

Professor Chapin in his book entitled “'The Standard of Living in 
New York” presents the schedule of expenses of 391 families on an 
income ranging from $500 to $1,000 per year. The average expendi- 
ture for food was $400 a year per family, but in the families whose in- 
come fell below $800 or $900 he found them often under-fed because 
rent must consume so large a part of their income. Dr. F. P. Underhill 
in commenting upon the nutrition of people of these incomes says that 
results show that when less than 22 cents per man a day is spent for 
food the nourishment derived is insufficient. But he adds that it does 
not necessarily follow that in every family where 22 cents per man a 
day is spent the people are well nourished, for not all families 
spend their money wisely, 7. e., one report showing that out of $6.17 a 
week spent for food $1.83 was spent for beer, wine and pickles. 

Dr. Irving Fisher, professor of political science at Yale University, 
has published the results of two series of investigations as to the effect 
of diet on endurance. He finds endurance much increased by thorough 
mastication of food, which unconsciously leads to a much lower protein 
intake than is usually considered necessary in the so-called dietary 
. standards.’° 

These authorities are mentioned only to show something of the im- 
portance which the sociologist to-day is attaching to the phenomena of 
vitality in the development of efficient social personality. 

For the harmonious development of efficient social personality cer- 
tain general conditions of well-being are essential in which all the 
members of the community share or may share and, even though these 
are external to the individuality, they are still necessary to its perfec- 
tion and happiness. “These external conditions include the security 
of life and possessions which is maintained by the political system; the 
liberty and justice which are maintained by the legal system; the 
material well-being which is created by the economic system; the 
knowledge and the command over nature which are created by the cul- 
tural system. ‘These proximate ends collectively we may call public 
wialities?? 1 

These public utilities are means to an ultimate end. They are of 

»* Pisher, ‘‘Influence of Flesh Eating on Endurance,’’ Yale Medical Journal, 
March, 1907; Fisher, ‘‘The Effects of Diet on Endurance,’’ The Transactions 


of the Connecticut Academy of Arts and Sciences. 
" Giddings, ‘‘ Inductive Sociology,’’ part 4, The Social Welfare. 
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value only as they serve the individual life, the higher life of moral and 
intellectual development. By their means is developed a social person- 
ality, and this social personality—so far the highest product of evolu- 
tion—the moral, intellectual and social man is the ultimate end of the 
social organization. 

These proximate ends or public utilities take the form of various 
organizations in the political, the legal, the economic and cultural 
systems. 

The supreme test of the efliciency of any social organization is the develop- 
ment of the personality of the social man. If the man himself becomes less 
social, less rational, less manly; if he falls from the highest type which seeks 
self-realization through a critical intelligence and emotional self-control to one 
of these lower types that manifest only the primitive virtues of power; if he 
becomes unsocial—the social organization whatever its apparent merits, is 
failing to achieve its supreme object. If, on the contrary, man is becoming ever 
better as a human being, more rational, more sympathetic, with an ever-broaden- 


ing consciousness of kind—then whatever its apparent defects, the social organ- 
ization is sound and efticient.* 


The home is one of these utilities for the development of the social 
man. ‘The purpose of the home as a social organization is two-fold— 
economic and cultural. It is a purposive organization existing for 
convenience in the consumption of wealth as well as for the cultural 
purposes of parents and children. 

Since the development of social personality through its organiza- 
tions is the ultimate end of society, the cultural side of the home should 
perhaps be more emphasized than it is, but as our economic system is 
organized to-day the economic side of home life receives undue empha- 
sis, owing to the social waste of labor which occurs because each house- 
wife does her own housework, the food preparation, the sewing, the 
laundry work for her own little group, when by combination there could 
be a great saving in time and strength and more leisure for real cultural 
advancement. Society is coming slowly to understand something of 
this social waste of labor and gradually there have been developing in- 
dustries which relieve the homes of much sewing, laundry work, and 
even food preparation. 

The home is a human institution, and as such is capable of change 
and improvement. Other human institutions have come and gone, but 
the home of to-day in many particulars remains essentially the same 
as it was when our cave-dwelling ancestors left the woman at home to 
guard the fire, care for the children and, incidentally, to prepare the 
food, while they roamed abroad in search of game and new experiences. 
Those who insist that a woman’s place is at home by divine decree need 
only to study the life of primitive man to find out how very human are 
some of our domestic customs, for they will then see this distinction, 
that while nature has specialized woman for child-bearing, it is society 


“ Giddings, ‘‘Inductive Sociology,’’ p. 249. 
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which has specialized her for housework. To be sure, a custom which 
has continued as long as this one of woman remaining by the fireside 
must have as its foundation something which is fundamentally right 
for social development. Yet so many myths have grown up about this 
custom that we are in danger at times of mistaking these additions for 
the good of the original idea. Because of these erroneous ideas current, 
popular opinion is inclined immediately to conclude, if for economic 
reasons a woman strays from the fireside, that she and her husband are 
incompatible, or that he is unwilling to support her and that in some 
way she is neglecting what is popularly supposed to be her divinely ap- 
pointed mission. Of course such a conclusion is often unjust and not 
warranted by the facts. 

In discussing the subject of the preparation of food, we accept con- 
ditions as they are; that woman is specialized by society as the house- 
keeper and food purveyor to the various groups called families. 

In spite of the fact that many of the home industries have de- 
veloped into world-wide industries there still remains for the house- 
mother much of the food preparation for her family. The necessary 
meals for one’s family are the essential fact which confront each house- 
wife anew each day. No matter what other home activity can be ne- 
glected, that one duty of preparing food can not be omitted. How 
often we hear women make some such remark as this, “I was too sick 
to do anything else but get barely enough for the family to eat.” This 
shows that every other home duty can in extremity be left undone ex- 
cept that one. Food preparation then is the fundamental duty of the 
housewife to-day. “A good stomach kept in a healthy condition is the 
foundation of all true greatness,” says Dr. Tyler, professor of biology 
at Amherst College. 

The housemother’s first duty then after bearing her family is to 
provide them with food for their growing needs which shall give them 
the best endurance for life’s conflict. But her responsibility is much 
greater than this, for closely connected with the necessity for food are 
the other hygienic necessities for survival—air, water, sunshine, 
shelter, rest, all in due season; and depending upon these vital necessi- 
ties are the opportunities for the development of the mental, moral 
and social personality or the completely social man. Because woman 
is specialized for home work, these wider responsibilities for individual 
growth have, in a large measure, become hers also. 

The home as a social organization stands as an agent of help or 
hindrance midway between the well-established theories of the scientists 
concerning human welfare, on the one hand, and society, on the other, 
where the finished product of personality asserts itself as a social force. 
What that force shall be the home can alone determine for by its 
agency, the theories concerning human welfare must be put into prac- 
tise and through it as a clearing house must pass in their operation 
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many of the most potent influences which fashion the character of the 
social personality or the social man. 

Naturally then the sociologist in considering the factors which de- 
termine social welfare must give especial attention to the home and 
many phases of its life. 

For instance, if the physiological chemists prove that the individual 
requires for full vital development food of certain quality and quantity 
to produce from 2,500 to 3,000 calories of energy per day and that 
individual in his home through the ignorance on the part of those who 
prepare and serve the food consumes a greater or less amount of in- 
nutritious food, just to that degree is the home responsible for the 
weakening of the vital power of the social personality and since vital- 
ity is fundamental, the mentality, the morality and sociality of the 
individual will in time also suffer. 

As custom is at present, we all concede that the home is the center 
of food supply to the individual and woman’s main work in the home 
for which to-day she is specialized by society is the serving of food to 
her family which in the majority of instances she has herself prepared, 
for we are told that only ten per cent. of the women in the country 
have the luxury of a cook other than themselves. If in fulfilling this 
humanly appointed mission of food center, any individual or group of 
individuals in the home in carrying out this plan lose from overwork 
or under education an opportunity for the harmonious development of 
the four divisions of social personality—the vital, the mental, the moral 
and the social, the home standing as it does midway between the knowl- 
edge of what is best for human nature in its development and the fin- 
ished product or the social individual in society—is a hindrance to hu- 
man progress. 

Applying the sociological tests of personality to home life we have a 
right to ask if our homes, as at present conducted, are making mankind 
better as human beings, more rational, more sympathetic, with an 
everbroadening consciousness of kind, and whether there is a decrease 
in the number of the defective, the abnormal, the unmoral and de- 
socialized. We have a right to go a step further and ask if in the de- 
velopment of this social personality there comes to the individual the 
satisfaction of its own activity and growth or what Giddings calls 
“cumulative happiness.” That is, in the performance of this special- 
ized industry as homemaker is woman enjoying a sense of satisfaction 
in her own growth and activity and is she happy in her work? Neither 
men nor women can have a sense of satisfaction or cumulative happi- 
ness in their tasks unless they are fitted for them and do not overwork 
at them. 

We are here according to the modern interpretation of the teach- 
ings of Jesus to perform our best service to society and we can do this 
only by the best individual growth and expression. The right kind of 
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a home can do much to further these results. Warden J. C. Sanders, 
of the State Penitentiary at Fort Madison, Iowa, said that out of the 
455 inmates, very few had had the advantage of a good home.** 

Although woman is speeialized for this important business of home 
work upon the outeome of which depends first the vital, then the mental, 
moral and social, welfare of mankind, she receives in but few eases any 
preparation for her important task. She takes the methods of house- 
work which are traditional in her environment and makes use of them 
according to her individua} traming and aptitude. The exceptional 
woman may use all the data of the seientists in the administration of 
her home. What she is able to do ought not to be made the measure of 
what the average woman may be expected to do. The average woman 
goes blindly on in her specialized work, laboring hard at a task for 
which she has no aid but home traditions and the columns of the home 
magazines. 

To be sure the home magazines are contributing mueh toward bet- 
ter conditions of home living, for many women would not know that 
seientists are at work continually on problems of home betterment were 
not some of the results of their investigations made available through 
the medium of the home magazines. 

The bulletins of the Department of Agriculture, the farmer’s insti- 
tutes throughout the country, the home economies movement,'* and 
many writers—Mrs. Richards, Miss Barrows, Miss Bevier, Mrs. Rorer, 
Miss Kinne, Mrs. Hill, Miss Farmer, Miss Hunt, Mrs. Lineoln and 
others—are doing much by a crusade of enlightenment to improve con- 
ditions of foods, their preparation and uses in our homes. That is, they 
are trying to make available for women the knowledge of the scientists, 
which either is not available for the average woman or else is beyond 
her mental reach. 

For instance, two noteworthy books on the subject of nutrition by 
Professor Chittenden, of Yale University, have been published in re- 
cent years.t> They are noteworthy beeause by scientific tests upon dif- 
ferent classes of people they show the exact needs of the body for pro- 
tein, the material for building up and replacing tissue. Consequently 
some very definite conclusions can be drawn concerning food eustoms 
which should be known to every woman and prevail in every house- 
hold. The essential parts of the books are so plainly and entertainingly 
written that a woman with at least a high school education could under- 
stand them and profit by them. Yet inquiry reveals very few house- 
keepers who have read them. The reason for this ignorance ean be at- 
tributed to the fact that as yet woman in her evolution has not reached 

* An address delivered before the Iowa City High School, December, 1909. 

“ Bevier aud Usher, ‘‘ History of the Household Economics Movement.’’ 


* Chittenden, ‘‘ Physiological Economy of Nutrition,’’ Chittenden, ‘‘ The 
Nutrition of Man.’? The F. A. Stokes Company. 
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the state of mind when she expects to enjoy or understand anything 
scientific, so she does not seek out that class of reading. Meanwhile, 
nevertheless, she is in charge of the vital development of the race. A 
strange inconsistency! Thus we sce that in most cases she is not fitted 
for her work and hence can have no sense of satisfaction in it. 

As previously stated the purpose of this paper is to show the con- 
nection between woman’s work in the home in preparing and serving 
food for her family and the harmonious development of personality ; 
and also to indicate that as conditions now prevail in society she 1s 
unable to make use of the accumulated knowledge of scientists as to 
what is best for human welfare. 

With this purpose before us we need to keep in mind the re of 
the home as an intermediate agent between the scientific knowledge of 
what is best for human development, on the one hand, and on the 
other the finished product of personality as we find it in society. Since 
the home stands as the connecting link between these two—the knowl- 
edge and the result, it must of necessity help or hinder the harmonious 
development of the social personality or the individual in his relations 
to his fellow men. Hence anything which will improve home conditions 
is of great importance to society in its attempts at individual and gen- 
eral progress. 

In the face of these responsibilities which center around the home 
and the housemother in the vital, mental, moral and social care of her 
family, because she is specialized by society for home work, Jet us con- 
sider some of the results in the working out of this system. 

Statistics tell us that under the present home system one fourth of 
all deaths for the United States during the year 1908 were of children 
under five years of age.® The infant mortality of England was higher 
for the three years 1896-1900 than for 1861-65.17 Of the total deaths 
in Iowa in August, 1910, about one fifth were under one year of age and 
of these over 80 per cent. were from cholera infantum, a disease largely 
preventable through hygienic measures.’® 

It is stated of all diseases of infancy between the ages of 2 and 6 
sixty-seven per cent. may be prevented on the basis of our present knowl- 
edge of sanitary measures, were they widely used.’® 

Statistics tell us that under the present home system, the prevalence 
of disease greatly impairs efficiency. 

In the United States, 500,000 people are constantly ill from 
tuberculosis alone, which is in a large measure a preventable disease in 

6 ¢¢\fortality Statistics,’’ 1908, p. 8, Special Census Report, Department of 
Commerce and Labor. 

* Tbid., p. 9. 

** Rockwood, PopuLAR SCIENCE MoNTHLY, March, 1911. 


*Trving Fisher, ‘‘ Bulletin of the Committee of One Hundred on National 
Health.’’ 
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the homes where it is understood and the necessary diet and food are 
provided.?° 

The minor ailments, such as colds and sore throats, cause even well 
men to lose at least five days a year from their work.*t Yet investiga- 
tion and research are showing that these minor ailments can be con- 
trolled in a large measure by diet.2? Professor Fisher says that he 
knows scores of cases in which the tendency to take cold has been al- 
most completely overcome by diet. Such being the case it will be neces- 
sary for those who prepare and serve the food to be cognizant of what 
kind of food the body requires for its highest efficiency, and since as 
society is now organized, the preparation of food is woman’s work, it 
must be possible for women to know in some way the latest results of 
scientific research in foods and general hygiene in order to prevent 
disease. 

Statistics tell us that misery, which represents maladjustment to 
environment, is frequent in rural as well as in city life. “ Perfect 
health, full physical vigor and overflowing animal spirits are much 
more rare among dependent classes than moral virtues. The prevalence 
of ill health is due in large part of course to ignorance and the con- 
tinued neglect of the elementary rules of personal hygiene.” ** 

It is a noteworthy fact that after the destruction of the homes by 
the San Francisco earthquake the health of the community as a 
whole improved, due no doubt to the plain, substantial food, the out- 
door life and the military system of sanitation, where before people had 
been living in homes in accordance with their individual ignorance. 
Professor Devine states also that there is great need of medical knowl- 
edge in our homes to overcome the ravages of such diseases as the minor 
maladies of rheumatism and colds.2t This puts the responsibility of 
human health on the home and the woman in the home who has charge 
of the preparation of food, the vital welfare of mankind and hence the 
other dependent phenomena of personality. | 

Professor Devine says, in speaking of the waste of infant life, that 
in England 10 per cent. of the babies of aristocratic families die in the 
first year, 21 per cent. of the middle class, and 32 per cent. of the labor- 
ing class, which facts show that the ignorance of the proper care of 
infant life is not altogether due to poverty.”® 

Many charity workers report that the “ unpreparedness of the wife 
and mother ” to make a home is often a cause of misery, because through 
ignorance discase comes and disability, with much resultant suffering 
and want. In these homes where the unprepared mothers try often- 


DTU ps3. 

* Tbid., p. 39, 

= Tbid., p. 40. 

= Devine, ‘‘ Misery and its Causes,’’ p. 74. 
4 Tbid., p. S4. 

Survey, December 4, 1909. 
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times so nobly to adjust the personalities of themselves and their fam- 
ilies to adverse conditions, Professor Devine says, “ We find the be- 
ginnings of those tendencies which often lead to suicide or crime, to 
disabling disease or helpfulness.” In this same connection of the prep- 
aration of home makers for adapting themselves and their families to 
their environment, charity workers agree that among working people 
the women who have been in domestic service are much better able to 
manage on their income than those who have spent their girlhood in 
factories.2° Intemperance, which is known by all charity workers to be 
a prolific cause of crime, is often excused in its first manifestations as 
resulting from innutritious food. In families where the wages would 
be sufficient to supply nutritious food, the homemakers do not know how 
to buy or to prepare it. Hence previous domestic training is of great 
value. 

This “unpreparedness” of women in our homes is not confined 
alone to a knowledge of foods. Because woman is specialized by so- 
ciety for housework, and the care of children, the general responsibility 
for the health of her family is hers also. But so often through igno- 
rance she is not equal to this responsibility. For instance, statistics 
and the reports of the various state charitable institutions show that a 
large per cent. of blindness among children is due to diseased condi- 
tions which might be remedied by intelligent care at birth,?? or might 
have been prevented years before by a proper knowledge of sex hygiene. 

Intermarrying is also given by experts as a cause of physical de- 
generacy such as deaf mutism. Both of these social errors might be 
diminished by greater knowledge on the part of the guardians of the 
homes of the vital necessities of the race in the matter of sex and re- 
production. The economic necessity which presses so hard to-day upon 
the man as bread-winner of the family lays all the more responsibility 
upon the woman in the home not only as in the first essential of food, 
but in all hygienic matters which pertain to vital efficiency. 

Statistics tell us that with the present home system divorce is 
increasing much faster than the population. Divorce was about three 
times greater in 1905 than in 1870.78 

The special census report of the Department of Commerce and 
Labor shows that the most important ground for divorce is desertion 
and of the divorces granted to the husband nearly one half had de- 
sertions as their cause. That is, one half of the husbands who sued for 
divorce had for a cause the desertion of the wives. It would look from 
this fact as though women are growing weary of home conditions. 

We have then the fact that with our present system of homes, one 

* More, ‘‘ Wage Earner’s Budgets. ’’ 

* See report for 1908 Illinois Institution for the Blind. 


*<*Marriage and Divoree,’’ p. 11, Special Census Report, Department of 
Commerce and Labor. 


288 THE POPULAR SCIENCE MONTHLY 


fourth of all deaths are of children under five—those who are entirely 
dependent on the home whose diseases in 6% per cent. of the cases 
could be prevented by proper diet and care. We have the fact that 
500,000 people in the United States are ill of tuberculosis and that such 
prevalent diseases can, in many cases, be cured by diet and fresh air. 
We have the facet that as estimated even well people lose at least five 
days a year from colds and minor ailments which might have been 
largely prevented by a proper diet. We have the fact that one half of 
the women who are divorced by their husbands desert home voluntarily. 
We have the fact that many charity workers give as their testimony 
that much social misery is caused by the “ unpreparedness” of the 
homemakers. We have statistics to show the great waste of infant life 
in mansion as well as in humbler home. We have the statement of Pro- 
fessor Devine, the well-known charity expert, that in many homes we 
find the beginnings of tendencies which often lead to crime and dis- 
abling disease. We have the statements that innutritious food is a pro- 
lific cause of intemperance, which of itself leads to crime. We have 
the facts that much blindness and physical degeneracy might be pre- 
vented by a proper knowledge made available to the masses through the 
housemother in the home. 

In the face of all these facts it would certainly appear that woman, 
who is the guardian of the home, is either ignorant of the proper con- 
sumption of wealth in the home in serving human welfare or else she 
is remiss in her duty. It is safe to say that not all women would be 
consciously negligent or remiss in their life’s work, so the natural con- 
clusion is that woman for the most part is ignorant of many of the 
essentials of the great mission assigned her. This ignorance is not 
strange, since in our educational system she receives slight preparation 
for this her real life’s work. As has been said before, all the aid she 
has are home traditions and the home magazine, and in the majority of 
instances she is ignorant of the noteworthy investigations along her 
own line of work. 

Ignorance of right living being so apparent in the face of these 
statistics, it has thus been shown how woman’s specialized work in the 
home in charge of the food supply can hinder the harmonious develop- 
ment of efficient personality through her inability primarily to main- 
tain and increase the vitality of those intrusted to her. 

On the other hand, in order to fulfill the further purpose of this 
paper and to show something of the manner in which woman’s work in 
the home in providing food for her family may help their harmonious 
mental, moral and social development, and to show if possible the im- 
portance of greater knowledge of what is best for individual welfare on 
the part of the homemakers, three divisions of the subject are made. 

1. Since by results woman is shown so ignorant of proper methods 
of nutrition which will prevent disease and death, methods of improv- 
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ing the commissary departments of our homes are suggested by means 
of education. 

2. Suggestions are made of a practical and natural method of de- 
veloping the efficient social personality of the child in the home, and an 
attempt is made to show how a woman following out the industry for 
which mankind has specialized her can develop her own social per- 
sonality. 

3. At least one preventative of divorce and unhappy home life is 
suggested. 

1. THe NEED or EpucaTeD HOMEMAKERS 


Let us bear in mind the fact stated before that the home and its 
caretakers stand as a connecting link between the knowledge of what is 
best for the individnal and the finished product of personality as we 
find it in society. Or, in other words, the function of the home and of 
those who minister there is the adjustment of the individual to society 
through the utilities of the home which are both economic and cultural. 
Certainly such important work should require some special training. 
While primarily woman’s work is that of dietitian in the home, she 
must not specialize in this capacity at the sacrifice of her effectiveness 
as a teacher or the cultural size of home life will suffer. Neither must 
her training as a dietician and a teacher exclude the training necessary 
as a financier and as an employer of labor in a broad sense, for the 
home is in direct touch with the labor problem on all sides. The live- 
liest imagination and inventive genius she will need also to develop to 
enable her to meet with discrimination and equanimity the daily com- 
plex problems of home hfe. 

It is to be hoped that as yet woman’s education is in a transitional 
stage. The last half century has been given up to proving that women 
can learn the same lessons as men if they wish to do so. It is very de- 
sirable that the next half century may mark a much greater triumph in 
woman's edneation by making plain and popular the fact that although 
she ean learn the same lessons as a man she, as a woman, has more im- 
portant ones to learn of an entirely different nature, bearing on her 
profession of home making. 

No man without special training is likely to be employed as con- 
sulting engineer on so important an enterprise as the Panama Canal, 
yet women the country over are intrusted with the vital, the mental, the 
moral and social welfare of the individuals who make up the state, 
without any preparation whatever beyond an inheritance of tradition 
and such additional information as can be gained from home maga- 
zines or such other literature as their minds are able to grasp. 

There is a sentiment current in respect to woman’s higher eduea- 
tion that if she is given culture studies, ability will in some way come 
to her for her life’s work. Culture studies are good, but they are only 
part of the preparation needed by her. She needs for her life’s work 
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much more preparation than is ordinarily included under the subject 
of domestic science in order that she may be competent to develop the 
personalities of her family in every way. A suitable course for her in 
order to be of wide value should be a bringing together of all the 
work of her college days in its bearing upon individual adjustment to 
society through the medium of the home. The studies of literature, 
art, music, psychology, pedagogy, child study, emergency nursing, 
chemistry, physiology, biology, bacteriology, botany, sociology, in their 
bearing upon home life, will all be necessary for this ideally equipped 
homemaker. She needs, in other words, to be taught how to control her 
environment by making use of the knowledge which is available for 
race progress. 

It is not going too far for the state through its educational institu- 
tions to require that each woman graduate who goes out from their 
walls shall be thus equipped for the work which is of greatest value to 
the state through the home. For instance, the state of Iowa now re- 
quires a course in pedagogy extending through much of two years for 
those who wish to have a state certificate to teach. Iowa might well go 
much farther and require that each woman who graduates from her 
university shall be prepared by suitable studies for the position of home- 
maker which sooner or later she may assume. J[owa is a progressive 
state in many respects. She is the first to put her educational institu- 
tions under a coordinating board. This board has within its power to 
take a distinct step in advance by enabling the university to offer 
studies which are especially suited for developing educated women as 
homemakers and as guardians of efficient social personality. 

Most state agricultural colleges and state normal colleges have 
schools of domestic science to train teachers. The state universities as 
the crown of the educational system need training schools for wives and 
mothers, with all the advantages which higher education can give. This 
training must be of the very highest grade and no expense should be 
spared to make and keep it thus, so that every woman who goes forth 
from their halls shall be a center of light in the broadest way on the 
subjects of the hygiene of environment, of nutrition and of activity. 
If these conditions can be made to prevail in all our educational insti- 
tutions, it is safe to say that the coming century will mark great vital, 
mental, moral and social advancement of the human race. Statistics 
tell us that at the present time 74,908? women are enrolled in the 
higher institutions of learning in this country. If each of these 75,000 
college women and all who succeed them could go forth from their 
college life thoroughly prepared for their duties as women a great in- 
crease in individual and national efficiency might be expected. 

The fact that many women say they “ hate house work” does not 
Jessen their responsibility for doing it well since they undertake to do it. 


“Wm. G. Curtis, ‘‘Ages of Universities,’’ Record Herald, ‘April 15, 1910. 
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A proper education in the fundamentals, the purposes, the methods and 
the results of home work would no doubt go far to lessen the dislike 
for that form of labor. The difficulty with the “ Man With a Hoe” 
and the woman with a broom is often the mere fact that they see no 
connection between present effort and remote results, and thus have no 
sense of satisfaction or happiness in their work. 

Until by a process of evolution some plan of farther combination or 
socialization of home industries is worked out, in order to raise the 
standard of home industries it is necessary to take immediate steps to 
improve conditions in our homes. A wholesale campaign of education 
of our girls, beginning with the grade schools and extending through 
our colleges, is the most hopeful means available for improving our 
homes in their work of developing and maintaining individual and 
social welfare through the proper adjustment of the individual to 
society. 

2. Home Meruops oF DEVELOPING PERSONALITY 

_ One of the difficulties of our educational system to-day is that 
educated women seem to feel that when they assume the responsibilities 
of home work they have been made to surrender to disuse whatever 
mentality they possess. Indeed, one very capable woman said to the 
writer soon after her marriage, when she was wrestling with the diffi- 
culties of domestic management, “ Do you not feel your mind becom- 
ing atrophied with all this petty round of duties?” In order to be 
loyal to our little home nest, I rephed, ‘‘ No indeed, I find that my 
domestic science takes as much mentality as my political science did.” 
I have been trying ever since to live up to that remark, and I have 
found that the homemaker by following out her path of duty can have 
an opportunity for mental, moral and social development in propor- 
tion to her desire for growth. 

The whole world of science centers around the daily work of pre- 
paring food. The housewife who wishes mental expansion in this line 
can begin by perusing the numerous food bulletins of the Department 
of Agriculture which are provided free. She can hang her kitchen 
walls with the food charts furnished by the Department of Agriculture 
for a consideration and learn while at her work the relative values of 
foods. This knowledge will prepare her to be interested in the many 
food experiments of the large experiment stations, and while following 
them through the publications she can add to them by carefully kept 
records of similar experiments in her own home, and if she is of a 
literary turn of mind she will find a ready sale for such articles as she 
ehooses to write on the subject. Personal experience has verified this in 
the study of the food requirements of growing children.®° 

Her interest in her own growing family can lead her to a study of 
the development of the family, primitive culture and the development 

*E. W. and L. C. Rockwood, Science, XXXILI., p. 351. 
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of the home and the different phases of what Baldwin calls “the dialectic 
of personal growth” which occurs in the socialization of each of her 
children. While she is increasing her own stock of information in 
this way she will find that she is becoming a much more interesting 
companion for her children and is able to show them their real place 
and share in the world’s work. In this way she can exert a much wider 
influence over them than by merely providing for their physical wants. 

We are accustomed to say that the human necessities are food, 
clothing and shelter. We might better say that the human necessities 
are food, clothing, shelter and thoughts, for the mind needs food as well 
as the body. A growing child can get along without clothes and shelter 
if the climate is not too severe, but he must have physical food and 
mental food or else fail in huinan evolution. The mother makes a dire 
mistake if she ministers to the physical needs alone, and neglects the 
mental, moral and social personality of her child. While walking 
along the path of her own home industry, she will find that she can in- 
terest her children in world-wide problems, for children can become in- 
terested in almost any subject. 

For instance, the boys I know best became very much interested in 
primitive culture, primitive man and his investigations growing out of 
their interest in the domestic use of fire. They read with delight 
“The Story of Ab” and parts of Jack London’s “ Before Adam.” 
They constantly asked for anything new on these subjects. One day 
their mother heard some one say that when a man is drowned he is al- 
ways found with his arms up over his head and that this posture is 
probably a survival of his tree-dwelling days. A few days afterward, 
the twelve-year-old boy caine into the house much the worse for wear, 
muddy, torn and bruised, but with face radiant. To his mother’s 
query concerning the cause of his condition he exclaimed, “J fell 
through a manger in an old barn, I suppose I am hurt. J don’t know. 
J didn’t have time to think, for when I came down I found my arms 
were up over my head and I am sure my ancestors must have been tree 
men.” 

That mother by following along the path of her own duty had suc- 
eceded unconsciously in teaching her boy the power of mind over matter 
or the uplifting power of an idea and of awakening in him an interest 
in historical and sociological study. 

Lessons in wider social service and morality can be tanght just from 
the necessity of the housemother’s preparing food, for children can 
early be taught to share good things with others less fortunate and they 
can cnltivate the spirit of hospitality. 

Tlowever, it is quite difficult mueh of the time for the mother in the 
home to eultivate a wide feeling of brotherhood in her children, just 
because the mad scramble toward self preservation which the household 
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duties of to-day entail upon her, if she has no outside help, is apt to 
develop in the whole family an unwholesome egoisin, 

A small minority of the women of the country have house servants. 
This fact means then that the majority of the women, if they do their 
honsework well in all its departments, must have a proper idea of 
values in order to enable them to do the essentials and leave the non- 
essentials. However, in order to be an ideal housewife and mother in 
her work of developing the personality of her family, each woman will 
need all the aid which education and training can give her as well as 
a still farther combination of some home industries in order to enable 
her to have time for the real essentials of abundant life. 

Enough has been said to indicate how a woman in following out 
the profession for which mankind has specialized her in the home can 
develop her personality in its various lines and that of her children at 
the same time, if she has wisdom and training. Upon what high ideals 
she is weaving into their lives depends the steady advancement of the 
human race. 

The supreme moments of the homemaker’s life are those when she 
realizes that her family turn to her for counsel in the deeper questions 
of life as well as for the fundamental physical needs of food, clothing 
and shelter. 

Not long ago several hundred club women in one of the eastern 
states were asked to reply to this question, “ Who is the greatest woman 
in history?” Numerous replies were received and a great many women 
known to history were named. The prize was given to this answer: 
“The wife of a man of moderate means who does her own cooking, 
washing and ironing, brings up a large family of boys and girls to be 
useful members of society, and finds time for her own intellectual and 
moral improvement—she is the greatest woman in history.” 

Alarmists tell us sometimes that the home is disintegrating, that 
with the invasion of some women into industry and the indifference of 
others in regard to their home respousibilities, the death knell of the 
home is sounded. However, as long as the home can contribute any- 
thing to the development of personality and race progress, it will re- 
main. With advancing education and civilization, no doubt, several of 
the functions which we now consider necessary will pass from the home, 
but our homes as the sanctuary of family life are not in danger of 
disintegration. While there are father-love and mother-love and de- 
pendent childhood there wil} be homes where the physical, the mental, 
the moral and the social personality can he developed. 

If any one thinks the home can go and institutions can take the 
place of home life with its many activities in the development of per- 
sonality, let him read this statement, which is typical of many other 
authorities on the subject from Mr. R. R. Reeder, for many years super- 
intendent of the New York Orphan Asylum. 
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The most important part of the social and moral education of a child 
normally situated is the conversation especially the table talk with the parents. 
It is here the children get their views of life before starting out into the larger 
world they must enter—I must add also just here that the most valuable part 
of the child’s industrial training is his cooperation with parents either by labor 
or by economic use of their means in maintaining and promoting the interests 
of the home.* 

As long, then, as there is a demand for the influences of home life, 
the home in some form will continue, for we have not yet outlived the 
beneficent influences of home life, even though we have outlived some 
of its former customs. 


3. A PREVENTION FOR DIVORCE 


The subject of divorce is one whieh much concerns the sociologists 
and theologians to-day because of its demoralizing influence on the 
development of efficient personality in the family. 

Satistics tell us that during the period from 1900-1905, while the 
population increased 8.7 per cent., divorces increased 22.1 per cent.*? 

Jt is not the purpose of this paper to enter upon a discussion of 
divorce except in so far as it is affected by woman’s specialized industry 
in the home of food preparation and resulting necessities. Statistics 
are wanting on the subject, because as yet the sociologist has not known 
how to collect them, but a careful observation extending over fifteen 
years has led to the conclusion that many of our archaic home condi- 
tions are prolific causes of discontent and incompatibility. For one 
thing a woman who must work sixteen hours a day at unspecialized 
industry with the attendant fatigue, is unable to compete in charm 
oftentimes with the leisure parasitic class whose lives are devoted to 
pleasmg men. Such overworked women are too tired to be interested 
in men’s affairs or themselves interesting. Oftentimes because of this 
lack of Jcisnre the discordant note is struck which later grows into 
utter lack of harmony. 

Sometimes too the duties of married hfe are so taxing in the early 
years when the children are small that women, because of their excess 
of physical work, begin to feel a mental deterioration, and this con- 
sciousness of a lack of growth or of enmulative happiness often is the 
pathway leading to the divorce court. On the other hand, if a woman 
by means of any previons training is enabled to keep in touch with the 
mental life of her family as well as the physical life, she has in her 
work of motherhood found the one thing in life worth while, and in 
her work then she can feel a sense of satisfaction in her own growth 
and activity or “cumulative happiness,” for she has found her share 
of the world’s work. All the learning she ean acquire will be none too 

mS Charities’? Volydi, 1908, py. 151. 
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great for her task, for the growing child is a many-sided personality 
interested in many things and the mother being most closely associated 
with him is naturally his teacher and guide, and must know some- 
thing of many things in order to come into sympathetic touch with his 
busy brain. 

We know, however, that divorce frequently comes in families where 
women are really idlers in the economic field, who have no responsibil- 
ity beyond a good time and to be supported by their husbands. In 
these cases idleness, discontent, desertion and divorce are the result. 
A socialization of industry would be a good thing for this type of 
women by compelling them to have some definite share in the social 
service, for we all know that there is no greater cure for the blues and 
discontent than rational activity. By the socialization of domestic in- 
dustry, if it could be brought about, the monotony of isolated home labor 
would be removed. 

The difficulty with the woman who has too much work to do in the 
home and the woman who has not enough work to do is that they lack 
expressional freedom, partly from overfatigue and partly from lack of 
knowledge of the happiest means of self expression. It is a noteworthy 
fact that Massachusetts, where women are so largely employed in in- 
dustry, stands forty-first in the matter of divorce, while Washington, 
where women are not much employed in industry outside the home, 
stands first, having produced 513 divorces to every 100,000 married 
couples. All this may go to show that women who are busy in social 
industry have little time to dwell upon grievances. 

A good broadening course in our schools and colleges with a proper 
presentation of the duties of adult life would do much to lessen divorce, 
because after all the home is just what men and women make of it as 
a public utility in the development of efficient personality. Such a 
course would serve also to establish a tradition in favor of the home- 
maker and prevent in some degree the rush of women into outside in- 
dustries which to many now appear attractive. 

One of the difficulties with our educational system to-day from the 
kindergarten upward is that it seeks to make hard things easy, from 
the learning of the multiplication table to easy helps for Latin and 
kindred subjects. The only really satisfactory way of mastering the 
multiplication table is by definitely learning it. All through our edu- 
cational system this spirit of helping children to avoid the hard things 
which require persistence and application is shown in our home life 
when neither men nor women are able to endure the hardships and un- 
pleasant factors which do come up in every home at some time. 

Instead of facing these difficult problems and bringing to bear upon 
them a rational mentality which will restore order from chaos and 
strengthen the bond of helpfulness between husband and wife, the 
husband and wife brought up by our educational system to look for 
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easy things, drift from not knowing how to assume responsibility in 
the home to avoiding it altogether by means of the divorce court. 

There are no statistics to prove the statement, yet careful observa- 
tion in a good many cases has shown that a cheerful common sense and 
ability to turn defeat into victory through perseverance would have 
kept many homes intact to-day. 

And so, our educational system seems wrong when it permits our 
boys and girls to grow up looking only for easy places. Too many 
girls look forward to matrimony as a life of surcease from the dis- 
agreeable surroundings before marriage. 

In consequence when the water pipes burst and the furnace grate 
falls out and the refrigerator springs a leak and the baby is teething 
and fretful and the meals must be prepared and the husband, owing 
to a belated breakfast, has not had time to be as affectionate as usual 
in his farewells as he ran for his car—when such a combination as this 
happens, as we housekeepers all know it can do—unless we are trained 
to listen for the eternal harmonies behind some of the discords of life, 
we are apt to grow discontented in home life because of our own ina- 
bility to make a success of it and to bring to ourselves “ cumulative 
happiness.” 

However, if we do have a sufficiently high ideal of our mission as 
homemakers and the spirit and necessary training to inform our task, 
we can set to work on our domestic problem with a cheerful conrage, 
for we know that ice can be thawed and leaks mended, furnace grates 
repaired, cross, fretful babies can become the joy and light of a whole 
household, and belated husbands if only given a chance can more than 
atone for their seeming indifference. 

The explanations just given are presented in order to make the 
point that an intelligent appreciation on the part of our girls of the 
responsibilities of home life and skilled knowledge on their part of how 
to perform their tasks will do much to prevent discontent in the home 
and desertion from it when unpleasant combinations really arise. 

The natural conclusion from this fact is that our edueational sys- 
tem shonld provide some way of showing every girl that she must ex- 
pect serious conditions in dealing with the serious problems of life and 
that she must have some training for her fundamental task of develop- 
ing vital personality with its resultant mental, moral and social re- 
sponsibilities. Otherwise our whole industrial system must change so 
that domestic industries can become socialized and women do their share, 
specializing for home work according to inclination. But in either 
case for human evolution we must have trained guardians of the per- 
sonality, whether they be natural mothers or selected ones. 

This is not an easy program which is outlined for womankind, but 
it can be made a very efficient one in race development. The quickest 
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way to get desirable results is by wide-spread education, rather than by 
waiting for any possible change in our industrial system. 

With an increased training in efficiency of women for home industry 
there can be expected less discontent with unsatisfactory conditions and 
consequently less divorce. The unity of the home will thus be 
strengthened and there will result improved conditions for the de- 
velopment of efficient personality. 

Thus could be brought together through the necessity of woman’s 
preparing food in the home the best demonstrated forces for the de- 
velopment of efficient social personality. 

With a trained womanhood alert for defects and excellencies in 
home conditions, the home as a socia] organization in its aid to per- 
sonality would in time be much improved, for evolution would demand 
new conditions and the women as guardians of the home through their 
training would be responsive to these demands. 

That there is an awakened public conscience on the subject of the 
dissemination of knowledge concerning public health is shown by the 
facts that there is a movement on foot to take from the various govern- 
ment bureaus those departments which relate especially to public health 
and combine them in one health department, and a petition has been 
prepared for congress asking that it provide by its bulletins help for 
women in the homes similar to that which is furnished farmers by the 
Department of Agriculture. 

All these are good signs of progress, but, after all, since now and 
for many years to come society is going to demand that woman be the 
guardian of the home, that she prepare the food, that she shall be her 
children’s closest teacher and friend, the most efficient manner of de- 
veloping personality in the home will be by suitable education of the 
growing girl and the young woman in preparation for her hife’s work. 


CONCLUSIONS 


The supreme test of our home organization according to the facts 
which have been stated is whether or not through its means there is an 
increase in vitality, mentality, morality and soctality and a decrease in 
the number of abnormal, unmoral, desocialized and degraded. 

Some statistics tell us that when women remain in the home rather 
than go into outside industry, that there is greater steadiness and in- 
dustry on the part of the husband, owing supposedly to more hygienic 
home conditions. 

Statistics tell us also that longevity is increasing, that it has in- 
creased five years since 1855. 

Then our homes, standing as they do as the connecting link be- 
tween the knowledge of what is best for the race and the finished 
product in society, are doing a great work. 
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However, on the other hand, statistics as quoted above tell us that 
the death rate of infants is abnormally high, that preventable diseases 
are excessively prevalent, that divorces are too frequent, and that the 
“ unpreparedness of women” is responsible for sickness, disability, de- 
generacy and resulting misery or maladjustment to society, and that if 
only the knowledge available for preventing disease could be dissemi- 
nated and utilized, longevity would be much increased. 

These facts show that while the mother in the home by the prepa- 
ration of food and resulting responsibilities is doing much for race 
betterment, there is imperative need for greater ability in some way to 
enable woman to make use of the results of scientific research, in order 
that there may be in the human race “ an increase of vitality, of sound 
and high mentality, and of sociality.” 

A practical service of the sociologist is to reveal points at which edu- 
cational work will tell for race advancement; so an attempt has been 
made to show that a changed system of education for girls can do much 
toward a harmonious development of personality, and that this prepa- 
ration of food for which society has specialized womankind may be 
fundamentally helpful in individual growth if the housemother can do 
what she does intelligently and does not do so much of it that she can 
have no sense of success in it. 

The state assumes the right to say what training in its institutions 
people shall have who intend to practise medicine or dentistry, or law 
or to teach children in public schools. It ought to assert some control 
over the training of people who are to be in charge of the consumption 
of all wealth and of child culture in the home. The ordinary college 
education is not enough, for many unsuccessful homemakers have that. 

The training for educated homemakers should include a thorough 
knowledge of the subject of personal hygiene with its three divisions: 
(1) nutrition, or a knowledge of the food requirements of mankind and 
the best way to provide for them; (2) environment, or a knowledge of 
air, soil, dwellings, clothing; (3) activity or a knowledge of the cor- 
rect proportion between exercise and rest. 

Each one of these divisions includes many departments of learning. 
To these subjects should be added a thorough knowledge of sex hygiene. 
With a knowledge of all these subjects should go an attitude of mind 
which is able to develop powers equal to one’s tasks. 
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ite. the course of his essay on emancipation—black and white—written 

at the close of our civil war, Huxley says that with few excep- 
tions the ideal of womanhood in his generation seemed to oscillate be- 
tween Clirchen, on the one hand, and Beatrice, on the other. That wo- 
men are intended neither as guides nor as playthings, but as comrades, 
fellows and equals, in so far as nature herself raises no bar to equality, 
at that time had not penetrated the minds of those entrusted with the 
education of girls. But even the densest media are ultimately perme- 
able, and if we can now point with pride to certain accomplished results, 
it is because the underlying principles have not only been discovered and 
understood, but practically applied. 

At heart these principles are biological, and the success which has 
attended their application depends on the fact that women share the 
senses, perceptions, feelings, emotions and reasoning powers of men, 
and that the average woman deviates less in these respects from the 
standard of men, than one brother differs from another. But problems 
are fatefully linked together, and the answer to one is invariably the 
herald of others. If the education of women has demonstrated both its 
feasibility and value, the inevitable next question clamors for solution 
no less insistently than its progenitor. Now that she is educated, what 
shall we do with her? Perhaps at this point biology can aid us anew 
and point the moral to a tale which itself may have proceeded no farther 
than the opening paragraph. 

Whoever has sufficient temerity to read all that has been written on 
the subject of sex in twenty years, is likely, sooner or later, to revert 
with a sense of freedom to Geddes and Thompson’s splendid work,* 
there to rejoice in a view by no means out of harmony with recent: 
results, and so comprehensive that the truth, though still “in block,” 
lies well within the field of vision. 

Beginning with the simplest cases, and ending with the almost hope- 
lessly complex sexual life of man himself, these writers reduce all to 
elementary terms in physiology, and find the fundamental difference 
between the sexes in the essentially disruptive diathesis of the male, and 
the essentially constructive diathesis of the female. 

2 Patrick Geddes and J. Arthur Thompson, ‘‘The Evolution of Sex,’’ Amer- 
ican edition published by Scribners. 
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These abstract characterizations, however, can convey little meaning 
without the evidence on which they rest. What does “ constitutionally 
disruptive” imply, and what “constitutionally synthetic”? It is a 
far ery from humanity to the cochineal insect, yet this may serve as our 
point of departure. The well-known dye derived from this species is 
elaborated entirely by the females, who store it in huge quantities and as 
a result are condcmned to a life of qnietude on the sustaining cactus. 
The males, on the other hand, are small in size, quick in movement and 
short-lived. 

This division of labor, though somewhat pronounced, is not a bio- 
logical freak ; it can be matched, more or less closely, many times, not 
only among insects, but among other animals, both lower and higher in 
the scale of being. Sexual differentiation among birds and mammals, 
however, manifests itself not by some one glaring difference of habit, 
but usually in smaller ways; in ourselves, in the sudden and strenuous 
outbursts of activity, characteristic of men, especially of young men, 
boys and barbarians, and in the patient, long-continued, and less violent 
expenditure of energy ordinarily seen in women. 

Of course these distinctions are broad and have no bearing on indi- 
vidual cases. They serve rather as convenient, though well-founded 
rubrics under which to array the leading characteristics of the two tem- 
peraments whose existence affects our daily conduct in a hundred ways. 
Nor is this dealing with averages, whose constituent items merge un- 
recognizably in the multitude, disadvantageous, for in matters that seem 
to involve a whole kind, evidence from this or that individual affects 
the general result no more than my tall friend makes the average height 
of men other than it is. 

While the males and females of fishes, reptiles and amphibians, fol- 
low the rule of the cochineal insect, exactly the reverse is true of birds 
and mamunals, for among these the males are practically always the 
larger. In reality, however, maleness and femaleness are fundamentally 
unaltered throughout the living world, and the apparently contradictory 
evidence from the higher forms of life is traceable to their peculiar 
habits of reproduction. 

Most important of all in this connection is brooding, for it throws 
light, from two angles at least, on the physical superiority of the male 
sex. Maternity, whether in birds or mammals, demands tremendous 
sacrifices—in fact is the very thing responsible for their higher develop- 
ment. Moreover, these sacrifices are not laid down in one lump sum, 
but bit by bit, and it may take years before all the premiums needed to 
insure a new life completely have been paid up. 

Greater, albeit subtler, effects than come from these drains, are 
traceable to the inevitable stagnation of females ineapacitated by incu- 
bation or pregnancy, for the quietnde necessitated by these states is 
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offset by stress in the male. Food and protection must be furnished for 
two instead of one, and at times for more than two. It is because 
effectiveness during these critical periods is racially essential, that the 
males are larger, stronger and in general more pugnacious. 

Our point of vantage includes also those flagrant expressions of 
masculinity, known as the secondary sex characters: among birds, the 
resplendent plumage of the cock, the comb and wattles; among mam- 
mals, manes, horns and scent glands; in man, the beard and deep voice. 
All these are the outward signs of maleness, for they come and go with 
the sexual life, and their development may be stunted or prevented by 
operation. Gelded stags never renew their antlers; sheep, oxen and 
antelopes grow inferior horns; whereas the preservation of valuable 
soprano voices in men is assured by the same means. 

These effects are due to the absence of certain chemicals normally 
emanating from the male sex glands. Analogous results may follow in 
operated females, but usually most illuminating complications set in, 
for the female not only has distinctive characters of her own, but is 
largely dependent on the suppression of those belonging to the male. 
The functional derangements often associated with old age involve 
changes in the chemical output of the essential organs, and explain, not 
only the crowing hen in the barn-yard, but the greater resemblance of 
the sexes in senescence than in middle life. 

All this is reducible to a chemical basis, certain substances being 
necessary for the development and persistence of the characters that 
stamp the male; others being essential not only for the positive traits of 
the female, but also to insure her freedom from male tincture. From 
the standpoint of the male, the female is an instance of arrested develop- 
ment, a conclusion bodily transferable to other attributes, for except in 
matters pecuharly her own the female is surpassed in amplitude by the 
male. Physiologically he cuts a wider swathe, and this inevitably in- 
volves greater variability. Accordingly we find that not only as an 
animal, but as a thinking being, man presents more departures from 
mediocrity than woman. On this point history testifies with her right 
hand up, for numerically and as individuals, men have always excelled, 
not only in knowledge and art, but also as sinners and fools. 

We may blame the social heritage of women for the supremacy of 
men, but heritage and supremacy alike have their head-waters in the 
greater variability of the male sex, for variability means special fitness 
for advancement. Departure from traditions has ever been the first step 
of progress, and it is to our variants, our gifted men and geniuses, that 
we owe railroads, wireless telegraphy and airships; it is to them also 
that we are indebted for our greater stories, plays and poems, and even 
for our deepest thoughts. This type of man startles us by his original- 
ity, and brings into the world things before unknown. 
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The history of civilization, however, is only half written when all the 
departures from mediocrity have been listed and analyzed, for tradition 
clings inevitably to the coat-tails of departure, and holds it close to 
solid ground. If the greater variability of men is the gift that fits them 
to explore new fields, nothing is more certain than that the less erratic 
organization, both physical and mental, of women, fits them for admin- 
istration, conservatism, tradition and culture.” 

These special aptitudes are sexual differentiations no less truly than 
bristling beards and flowing tresses, and under modern conditions, 
infinitely more important. Nothing, however, could be more fatal to 
any cause, involving either men or women, than failure to recognize 
that the natural endowments of the sexes are complementary, racially 
essential and, fortunately, bred in the bone. 

It is at bottom, failure to recognize this that has given rise to the 
current opinion that the emancipation of women through suffrage would 
destroy maternity. This, if it means anything at all, means that it will 
destroy sex. Those who have fears in this direction will do well to 
remember that the sex of woman is no less solidly grounded than the sex 
of man, and that both are infinitely older than our civilization whose 
earliest date is only this morning in the complete history of the race. 
We are the descendants of untold generations before Adam and Eve, 
and sex 1s more strongly inbred than the ten fingers. 

Biology knows only racial justice, but racial justice in the long run 
will require suffrage for women, because they are constitutionally fitted 
for the exercise of the conservative influences of which, as a body politic, 
we stand so much in need. That the enlightened woman will wield her 
power without blocking progress, and, within human limits, for the 
prevention of errors, and the conservation of things worth while, follows 
both from her organization and her training. Society to-day is losing 
the services of a specialist in these matters, one too, not only endowed 
by nature but strengthened by education. When once this becomes 
clear, shall we continue to doubt her ability to face the waves of jingo- 
ism that periodically unsettle our markets and industries, distort the 
prices of living, and even carry us into trivial yet costly war ? 


*W. K. Brooks, ‘‘Woman from the Standpoint of a Naturalist,’’ The 
Forum, Vol. 22. 
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i ie one should see in a story the statement that a floating island 100 
feet square, upon which were growing trees thirty feet in height, 
was used by the hero as a place of refuge, and that the island traveled 
1,000 miles out to sea, he would probably accuse the author of an abuse 
of the imagination. But such an island—without the hero—was seen 
off the coast of North America and is known to have traveled at least 
1,000 miles. Floating islands also occasionally occur in the lakes of 
some of our northern states. It is the purpose of this article to point 
out the location of some of these islands and to explain their origin. 
In order to understand the formation of a floating island let us 
imagine a pond on the edges of which rushes and grasses are growing. 
These gradually push their way out into the deeper water, leaving a 
mass of decaying vegetable matter upon which, in time, mosses such as 
sphagnum may secure a foothold, and start a shelf which will extend 
out into the water. As soon as the sphagnum has become well estab- 
lished, water-loving plants and shrubs such as alders, sheep laurel and 
sweet gale will grow with the moss. Cranberries and pitcher plants 
may also aid in the formation of the mat, forming the familiar cran- 
berry bog. This shelf will be attached to the shore for several feet, the 
distance depending on the depth of the water, but the peat will seldom 
attain a thickness of more than three feet. After the mat has become 
firm, black spruces and Jarches may grow upon it, often anchoring it 
and always making it more compact by means of their roots. Such a 
mat is illustrated by the drawing on page 30+. 

After the shelf has extended itself some distance into the pond, if 
the water level is raised unusually high by excessive rainfall or the con- 
struction of a dam across the outlet, the mat may break off and form a 
floating island. This island will either become attached near its former 
position by roots extending underneath it, or it will float around the 
lake. 

Tn case the pond is small and nearly circular the mat may surround 
it. If the water in the pond is raised, at the time when all but the 
center of the pond is overgrown, an atoll or ring-shaped island may be 
formed. For the persistence of this atoll the water must remain at its 
high level and the atoll must become anchored. 

Finally, let us suppose that the vegetation completely covered the 
lake before the water rose. There is sufficient elasticity in such a mat 
to permit it to rise slightly with a rise in the water level. The mat, 
however, is not sufficiently elastic to permit its center to rise more than 
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CROSS-SECTION OF A LAKE, showing a mat of vegetation growing out from both sides. 
A rise in water level might break off this shelf, and thus form a floating island. 


a few feet, if the sides remain attached, and consequently it may dis- 
appear with unusually high water. In order for it to reappear either 
the water must go down or some agency must push the center up higher. 
This ageney is marsh gas. This gas with its light specific gravity 
could exert such a force on the center of the mat that it would be 
buoyed up. In order for the gas to act im such a manner it must be 
present in large quantities and must not escape until that mat has 
reached the surface. When the gas eseapes the mat will again disap- 
pear. This alternate appearance and disappearance of the mat makes 
it a periodic island. <A true periodic island would not be attached to 
the sides. Such islands are rare, and conelusive evidence is lacking to 
show that they are not attached. 

The various ways in which floating islands, floating atolls and peri- 
odie islands may originate are as follows: 

I. Froarixne JIstanps are divided into—(A) natural islands and 
(2) artificial islands. 

(A) Natural islands may be formed by: 

1. 'The coming together of floating vegetable masses. This hypoth- 
esis demands sufficient floating material upon which there is plant life 
of a suitable kind, or upon which plant life may start. There must 
also be some favorable ageney to collect this material. In a large lake 
where high waves could break off pieces of sphagnum from the shore, 
the waves might collect the pieces so as to form a floating island. In 
smal] lakes, cat-tails or other rushes form a favorable place for such 
material to lodge. 

2. The action of waves beating against a mat of vegetation may by 
their force break off large islands. This could happen only in the 
case of a large body of water and would probably account for the origin 
of the floating island mentioned in the introduction which was seen in 
the Atlantic Ocean in 1892. When first noticed in July in latitude 


CROSS-SECTION OF SADAWGA LAKE, WHITINGHAM, VT., showing two floating islands. 
The large island grew out from the shore and was broken off by high water. 
It is now attached at the east slide. 


FLOATING ISLANDS 305 


39.5° N., longitude 65° W. the island was about 9,000 square feet in 
extent, with trees thirty feet in height upon it, which made it visible for 
seven miles. It had apparently become detached from the coast of 
this country and been carried out to sca by the Gulf Stream. It was 
again seen in Septeniber in latitude 45° 29’ N., longitude 42° 39" W., 
after it had passed through a severe storm. By this time it must have 
traveled over 1,000 nautical miles, and it may have eventually arrived 
at the coast of Europe. 

3. The raising of the water 
level separates mats from the 
shore, as previously explained. 
An interesting case under this 
heading is that in which there are 
two kinds of peat in an overflowed 
bog. If the peat is arranged in 
layers, the bottom layer being 
heavy, sinee it is formed by the 
decompositon of woody material, 
may separate from the top layer 
which is hght an account of its 
sphagnum content. In this cir- 
cumstance the bottom layer re- 
mains in its former position, the 
upper layer breaking away to | 
form a floating island. 1 

+. The action of ice in the 


A SECTION OF AN OUTLINE MAP OF 
Nortip AMERICA, showing the course of a 
northern climates sometines floating island which was seen floating in 
separates masses of vegetation ‘Me Atlntic Ocean in 1802. 
from the shore. This expansion and contraction of ice is often an 
important factor in forming shore topography and an overgrowing mat 
could offer but feeble resistance to this force. 

(2B) Artificial islands may be formed by the damming of ponds 
or lakes, which is a very common mode of origin of floating islands in 
this country. An example of this type of island is that in Sadawga 
Lake shown in cross-section in the second sketch. 


IT. ATOLLS 

Two atolls in central Minnesota. which are characteristic of all such 
atolls, have been described by Conway MacMillan in the Minnesota 
Botanical Studies, and the following description of them is taken from 
that article. 

The [larger] pond is about 150 yards across and almost cireular in shape. 
It is surrounded, except fur a short distance on the west, by rather precipitous 
morainie hills 50-75 feet in height. ... [The atoll] is about 75 feet in diameter 
and of uniform width of about ten feet. On the west its continuity is broken 
by a channel, twelve feet across, which furnishes communication between the 

*1894, Bul. 9, Vol. 1. 
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waters of the intra-insular Iagoon and those of the pond outside of the atoll. 
The depth of the water is nowhere great. The greatest depth is about twelve 
feet and this maximum of depth is in the middle, within the lagoon. ... The 
general texture of the atoll was loose, so that one standing anywhere upon it 
soon sank into the soft and spongy mass up to the knees... . 

[The smaller] pond is barely fifty yards across, with high banks, and the 
atoll ring is within a foot or two of twenty yards in diameter. Its breadth, 
however, is greater than that of [the other] atoll, being twelve feet on the 
average from the outer to the inner aspect. The lagoon, then, is slightly less 
than fifty feet across... . The water of the pond was shallow, averaging four 
feet, just outside the atoll ring... . In general the texture of the atoll was 
much firmer than that of [the other] atoll. One could stand anywhere upon it 
without sinking in above the insteps. 

The explanation of the presence of sphagnum atolls may be derived from 
the assumed changes in level of the pond water, and indeed their presence may, 
conversely, be held to indicate, or to demonstrate, fluctuations in the pond level. 
If it be possible to conceive that in these two atoll-producing ponds there has 
been, during the course of years, a gradual diminution in size followed by a 
rather rapid inerease in diameter and depth, I believe the formation of the 
atolls would become a phenomenon readily comprehensible. . . . Concomitantly 
with the diminution in size, doubtless extending over a term of years, vegetation 
of the shoreward area would have established itself in characteristic zones. The 
littoral flora and the submerged plants just outside the shores would have formed 
a loose turf lining the edges of the pond. This turf would have gradually 
become more solid as it extended landward and would therefore at a little 
distance from the water's edge have become modified in character, giving a foot- 
hold for plants of larger growth. . . . When, subsequently to this epoch of 
gradual diminution, the ponds began to increase again, the effect of the rise in 
level of the water was to detach from the shore a ring of the loose littoral turf, 
and this mass of vegetation with its attendant soil, buoyed up at first as a 
circular floating bog, appears to-day as the characteristic sphagnum atoll. . . 
The increase in size [of the pond] left the annular ring far out in the waters 
of the pond... and as the mass of vegetation and soil became thoroughly 
saturated with the water below, its character may gradually have changed until 


A Vipw oF SapaWc6a LAKE, WuiTINGHAM, Vr. Two floating islands are shown in the 
central part of the pieture, and behind them is the main floating island 
from which they have become detached, 
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ANOTHER VIEW or SapawGa LAKE, showing the main floating island (1) and three 
smaller floating islands which have been broken off from it and have drifted ashore. 


the sphagnum plants retained vitality. Generations of these succeeding each 
other contributed to the weight of the ring and finally pressed it down upon the 
bottom of the pond, forming the anchored atoll of the present. 

|The essential requirements in the formation of atolls are} a small parent 
pond, height and regularity of banks, regular and gentle slope of the bottom, 
suitable original littoral vegetation, small lateral pressure and tension of winter 
ice, and comparatively prompt anchoring of the bottom. 


III. Pertoptc IsLaAnps 


As previously explained, periodic islands may rise without the for- 
mation of gas, but as gas usually escapes from them after they have 
risen, irrespective of the force causing them to rise, it is a factor which 
demands attention. Under the average floating island there is little 
gas, owing to the loose texture of the peat. Consequently, in order to 
have gas support islands it is necessary that an upper layer of the bog 
be made of dense material, thus allowing the gas to escape but slowly. 
The most favorable place for it to collect is between the layers of peat. 
This is illustrated by experiments? in digging peat from a bog filled 
with water. Holes were dug in the evening of one day and the next 
morning they were found to be filled with peat masses in the form of 
domes, cleft in the middle. These domes were formed of one of the 
lower layers of the peat. The gas under this layer combined with lat- 
era} pressure forced it up. 

Periodic islands usually rise in spring and sink in fall, owing to the 
activity of gas-producing organisms in warm water. Some periodic 
islands have been reported which rose for only a few days. Because of 
the short time which most of these islands have been known, it has 
heen impossible to study them. Attention is now being given to one in 
this country and it is to he hoped that through its study valuable in- 
formation will he obtained regarding this type of island. 


*Fruh und Schréeter, ‘‘Die Moore der Schweiz,’’ Beitr. geol. Schweiz 
Geotech., ser. 3, Bern, 1904. 
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PROFESSOR WHITMAN AND THE 
MARINE BIOLOGICAL 
LABORATORY 


Av the annual meeting of the corpo- 
ration of the Marine Biological Labo- 
ratory held at Woods Hole in August, 
resolutions were adopted recording the 
obligation of the laboratory to the 
great man who more than any other 


was responsible for making it what it | 


is, and after the adjournment of the 
meeting the trustees and members of 
the corporation visited the quiet grave- 
yard by the sea where lies the body of 
Charles Otis Whitman. 
Keen 
In intellect, with foree and skill 
To strive, to fashion, to fulfil, 


Whitman was born to be a_ leader, 


In his zoological researches he exhib- | 


ited a patience, a balance, a singleness 
of purpose, a certain classical quality, 
which placed him among the few worthy 
to be named with Charles Darwin. His 
two principal researches, the one on 
the embryology and phylogeny otf the 


leaches, the other on the phylogeny, | 


heredity and behavior of pigeons, gave 
rise to a number of papers, which in 
content and form may be ranked 
among the masterpieces produced 
this country. But in both cases 
great part of his work remains unpub- 
lished. He was impatient of quick 
results and sought for fundamental 
solutions of great problems which per- 
haps his material was incapable of 
yielding. There remains, however, a 
great mass of manuscripts, observa- 
tions and drawings, together with the 
unique collection of living pigeons, 


In 
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which will yield a valuable series of | 


publications, 

In spite of the fact, or perhaps on 
account of the fact, that Whitmau 
devoted himself to his research work 


with complete devotion, he exercised | 


an exceptional influence on zoological 
| education and organization. He was 
| professor in the University of Tokyo 
| at the time when that university was 
| being adapted te modern conditions. 
| When Clark University was organized, 
he was given charge of the work in 
:oology, and again on the establish- 
ment of the University of Chicago. 
The department of zoology there, of 
whieh was head until his death, 
took high rank among the scientific 
departments, which in a few years have 
given Chicago distinction in science, 
/equaled only by Harvard and Columbia. 
Whitman's varied activities are noted 
in a resolution passed at the Christmas 
meeting of the Eastern Branch of the 
/ American Society of Zoologists, which 
reads: 


he 


The Eastern Branch of the American 
Society of Zoologists records with pro- 
found regret the death of Professor 
Charles Otis Whitman on December 6, 
1910. Professor Whitman was one of 
the founders of this society; he was 
chairman of the committee that issued 
the first eall for organization of the 
American Morphological Society, the 
forerunner of the American Society of 
Zoologists, and he was president of the 
society for the first four years, 1891- 
94. He was organizer of the Journal 
of Morpholoyy and its editor for many 
| years, and in this capacity also exerted 
a strong influence on the development 
of zoological research in America. <As 
director of the Marine Biological Labo- 
ratory for twenty-one years, he exerted 
an even more powerful and entirely 
unique influence in the development of 
biological science. As an investigator 
he was painstaking, enthusiastic and 
thorough, as a thinker on biological 
problems profound and far-sighted. 
Devoted to principle, his unecompro- 
mising personality sometimes made 
eneniles, but the charm of his character 
/made him devoted friends. His influ- 
ence will long remain as one of the 
most important forces in the history 
of zoology in America. 


The Woocs Hole Laboratory was the 
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institution tor which Whitman cared 
the most and it remains his greatest 
monument. It is fortunate in its phys- 
ical environment; still! more so in the 
spirit of the place. More biological 
research is accomplished there during 
its season than in any other institution 
in the world. Both in its formal or- 
ganivation and in its real life it is 
uwre democratic than any other Amer- 
ican institution devoted to education 
and research. ‘The result has been, on 
the one hand, a share of dissensions 
and poverty; on the other hand, a rare 
exhibition of cooperation and loyalty. 
lt is false to assume that a demoeracy 
should not bave leaders. In an auto- 
cracy masters hold the reins of author- 
ity; in a democracy a }eader is fol- 
lowed hecause he is recognized as such. 
For many years Whitman was the cre- 
ative spirit which gave life to the 
Marine Biological Laboratory. In a 
note, printed here by permission of 
Mrs. Whitman, he wrote: 


I have often been pleasantly com- 
mended for the development of ideal 
conditions at Woods Hole for coopera- 
tive teaching and research, and I think 
that most of the best friends and pa- 
trons of the Marine Biological Labo- 
qualities | 


ratory stil eredit me with 
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that tend to peace and good fellowship 
in seientifie work. 

I have, 1 am happy to say, endeav- 
vred to live by the same principles in 
Chicago, That is, 1 have done what I 
could to encourage the spirit of re- 
search and good fellowship in both 
teaching and research. 

I have opposed all attempts to cre- 
ate interdepartmental kingdoms; I 
have left each member free to develop 
his work according to his own taste; 
have never monopolized any line of 
work, but have always welcomed syn- 
thetic cooperation. The seminar and 
the researches abundantly verify this. 

One thing, from first to last, I have 
most cordially despisel—that is the 
tendency to that disease, which we may 
distinguish as administro-citis. That 
disease is the peril of science, and the 
source of unwholesome strife. Our 
organization is of course largely at 
fault, for it certainly misleads many to 
imagine that the one sure road to pre- 
cedence is to scheme for it through 
administrative dexterity. 


THE AMERICAN GEOGRAPHICAL 


SOCIETY 


THE American Geographical Socieity, 
Which was founded in New York City 
in 1852 and has now about 1,300 mem- 
bers, moved ten years ago to a build- 
ing opposite the American Museum of 
Natural History. But it soon outgrew 
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its quarters and has now again moved 
to a new site on Broadway and 156th 
Street, adjacent to the fine buildings 
of the Hispanie Society of America 
and the American Numismatic and 
Archeological Society. It has now a 
beautiful site by the Ifudson River in 
one of the scientific centers of the city. 
It is unfortunate that all the institu- 
tions devoted to higher education, sci- 
ence and letters could not have been 
placed in one center, but they are at 
all events in large measure connected 
by the subway on the west side of the 
city. 

By the courtesy of Mr. F. 8, Dellen- 
baugh, the secretary of the society, we 
are able to print here some _ illustra- 
tions showing the exterior and interior 
of the admirable new building, which 
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has been occupied by the society since 
May. It is built of Indiana limestone 
in the style of the Italian Renaissance, 
conforming to the other buildings on 
the ground. There are four stories and 
a basement; the stack rooms form the 
western part of the building, being 
placed on six floors. The whole build- 
ing is admirably designed for the pur- 
poses of a geographical society, being 
completely fire-proof, with ample light 
on all sides. It will provide a perma- 
nent home for the library and collee- 
tions of the society and for its educa- 
tional and seientifie work, 


SCIENTIFIC ITEMS 
WE regret to record the deaths of 
Professor Benjamin Franklin Thomas, 
professor of physics in the Ohio State 
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University, and of Dr. Johann Paul 


Schweitver, emeritus professor of chem- 
istry in the University of Missouri. 

Tne Paris Academy of Sciences has 
awarded its Lalande Prive to Dr. Lewis 
Boss, director of the Dudley Observa- 
tory, Albany, N. Y. Its general prizes, 
each of the value of $2,000, have been 
awarded to M. Jules Tannery, of Paris, 
for his mathematical publications, and 
to M. Déperet, of Lyons, for his geo- 
logical publications. 

Proressor L, H. Bainey has ten- 
dered to the trustees of Cornell Uni- 
versity his resignation as director of 
the New York State College of Agri- 
culttre—Dr, E. C. Franklin, professor 
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of organie chemistry at Stanford Uni- 
versity, has become professor of chem- 
istry in the hygienic laboratory of the 
Public Health and Marine-Hospital 
Service.—Professor Clyde Furst, sec- 
retary of Teachers College, Columbia 
University, since 1902, has become sec- 
retary of the Carnegie Foundation for 
the Advancement of Teaching, succeed- 
ing Mr. John G. Bowman, who has 
become president of the University of 
lowa.—The director of the Museo 
Nacional, Mexico, Sr. Garcia has re- 
signed and Sr. Robelo has been ap- 
pointed in his place. Sr. Batres, in- 
spector of antiquities, is succeeded by 
Sr. Rodriguez. 
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GENETICS! 
By W. BATESON, M.A., F.RS. 


HE invitation to preside over the agricultural sub-section on this 
occasion naturally gave me great pleasure, but after accepting it 
IT have felt embarrassment in a considerable degree. The motto of the 
great society which has been responsible for so much progress in agri- 
cultural affairs in this country very clearly expresses the subject of our 
deliberations in the words “ Practise with Science,” and to be compe- 
tent to address vou, a man should be well conversant with both. But 
even if agriculture is allowed to include horticulture, as may perhaps 
be generally conceded, I am sadly conscious that my special qualifica- 
tions are much weaker than you have a right to demand of a president. 
The aspects of agriculture from which it offers hopeful lines for 
scientific attack are, in the main, three: Physiological, pathological 
and genetic. AH are closely interrelated, and for suecessful dealing 
with the problems of any one of these departments of research, knowl- 
edge of the results attained in the others is now almost indispensable. 
I myself can claim personal acquaintance with the third or genetic 
group alone, and therefore in considering how science is to be applied 
to the practical operations of agriculture, I must necessarily choose it 
as the more special subject of this address. I know very well that 
wider experience of those other branches of agricultural science or 
practical agriculture would give to my remarks a weight to which they 
can not now pretend. 
Before, however, proceeding to these topics of special consideration, 
I have thought it not unfitting to say something of a more general na- 
ture as to the scope of an applied science, such as that to which we 
here are devoted. We are witnessing a very remarkable outburst of 
activity in the promotion of science in its appleation to agriculture. 
*Addvess to the Agricultural Sub-section of the British Association for the 


Advancement of Science. 
VOL, LXXIX,—22. 
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Public bodies distributed throughout this country and our possessions 
are organizing various enterprises with that object. Agricultural re- 
search is now everywhere admitted a proper subject for university sup- 
port and direction. 

With the institution of the development grant a national subsidy 
is provided on a considerable scale in England for the first time. 

At such a moment the scope of this applied science and the condi- 
tions under which it may most successfully be advanced are prominent 
matters of consideration in the minds of most of us. We hope great 
things from these new ventures. We are, however, by no means the 
first to embark upon them. Many of the other great nations have al- 
ready made enormous efforts in the same direction. We have their 
experience for a guide. 

Now, it is not in dispute that wherever agricultural science has 
been properly organized valuable results have been attained, some of 
very high importance indeed; yet with full appreciation of these 
achievements, it is possible to ask whether the whole outcome might not 
have been greater still. In the course of recent years I have come a good 
deal into contact with those who mn various countries are taking part 
in such work, and I have been struck with the unanimity that they have 
shown in their comments on the conditions imposed upon them. Those 
who receive large numbers of agriculture bulletins purporting to give 
the results of practical trials and researches will, I feel sure, agree with 
me that with certain notable exceptions they form on the whole dull 
reading. True they are in many cases written for farmers and growers 
in special districts, rather than for the general scientific reader, but I 
have sometimes asked myself whether those farmers get much more out 
of this literature than I do. I doubt it greatly. Nevertheless, to the 
production of these things much labor and expense have been devoted. 
I am sure, and I believe that most of those engaged in these produc- 
tions themselves feel, that the effort might have been much _ better 
applied elsewhere. Work of this unnecessary kind is done, of course, to 
satisfy a public opinion which is supposed to demand rapid returns for 
outlay, and to prefer immediate apparent results, however trivial, to 
the long delay which is the almost inevitable accompaniment of any 
serious production. For my own part, I greatly doubt whether in this 
estimate present public opinion has been rightly gauged. Enlighten- 
ment as to the objects, methods and conditions of scientific research 
is proceeding at a rapid rate. I am quite sure, for example, that no 
organization of agricultural research now to be inaugurated under the 
Development Commission will be subjected to the conditions laid down 
in 1857 when the experimental stations of the United States were es- 
tablished. From them it is decreed in See. + of the Act of Estab- 
lishment : 
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That bulletins or reports of progress shall be published at said stations at 
least once in three months, one copy of which shall be sent to each newspaper 
in the states or territories in which they are respectively located, and to such 
individuals actually engaged in farming as may request the same and as far as 
the means of the station will permit. 


It would be difficult to draft a condition more unfavorable to the 
primary purpose of the Act, which was “ to conduct original researches 
or verify experiments on the physiology of plants and animals.” I can 
scarcely suppose the most prolifie discoverer should be invited to de- 
liver himself more than once a vear. Not only does such a rule compel 
premature publieation—that nuisance of modern scientific life—but it 
puts the investigator into a wrong attitude towards his work. He will 
do best if he forget the public and the newspaper of his state or terri- 
tory for long periods, and should only return to them when, after re- 
peated verification, he is quite certain he has something to report. 

In this I am sure the best scientific opinion of all countries would 
be agreed. If it is true that the pubhe really demand continual scraps 
of results, and can not trust the mvestigators to pursue research in a 
reasonable way, then the public should be plainly given to understand 
that the time for inaugurating researehes in the public’s name has not 
arrived. Men of science have in some degree themselves to blame if 
the outer world has been in any mistake on these points. It can not 
be too widely known that in all sciences, whether pure or applied, re- 
search Is nearly always a very slow process, uncertain in production, 
and full of disappointments. This is true, even in the new industries, 
chemical and electrical, for instance, where the whole industry has 
been built up from the beginning on a basis developed entirely by sei- 
entific method and by the accumulation of precise knowledge. Much 
more must anv material advance be slow in the case of an ancient art 
like agriculture, where practise represents the casual experience of un- 
told ages and accurate investigation is of yesterday. Problems more- 
over relating to unorganized matter are in their nature simpler than 
those concerned with the properties of living things, a region in which 
accurate knowledge is more difficult to attain. Here the research of the 
present day can aspire no higher than to lay the foundation on which 
the following generations will build. When this is realized it will at 
once be perceived that both those who are engaged in agricultural re- 
search and those who are charged with the supervision and control of 
these researches must be prepared to exercise a large measure of pa- 
tience. 

The applicable science must he created before it can be applied. It 
is with the discovery and development of such science that agricultural 
research will for long enough best occupy its energies. Sometimes, 
truly, there come moments when a series of obvious improvements in 
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practise can at once be introduced, but this happens only when the 
penctrative genius of a Pasteur or a Mendel has worked out the way 
into a new region of knowledge, and returns with a treasure that all 
can use. Given the knowledge it will soon enough become applied. 

T am not advocating work in the clouds. In all that is attempted 
we must stick near to the facts. Though the methods of research and 
of thought must be strict and academic, it is in the farm and the 
garden that they must be apphed. If inspiration is to be found any- 
where it will be there. The investigator will do well to work 


As if his highest plot 
To plant the bergamot. 


Tt is only in the closest familiarity with phenomena that we can 
attain to that perception of their orderly relations, which is the be- 
ginning of discovery. 

To the creation of applicable seience the very highest gifts and 
training are well devoted. In a foreign country an eminent man of 
science was speaking to me of a common friend, and he said that as our 
friend’s qualifications were not of the first rank he would have to join 
the agricultural side of the university. I have heard remarks of similar 
disparagement at home. Now, whether from the standpoint of agri- 
culture or pure science, I can imagine no policy more stupid and short- 
sighted. 

The man who devotes his life to applied science should be made to 
feel that he is in the main stream of scientific progress. If he is not, 
both his work and science at large will suffer. The opportunities of 
discovery are so few that we can not afford to miss any, and it is to the 
man of trained mind who is in contact with the phenomena of a great 
applied science that such opportunities are most often given. ‘Through 
his hands pass precious material, the outcome sometimes of years of 
effort and design. To tell him that he must not pursue that inquiry 
further because he can not foresee a direct and immediate application 
of the knowledge he would acquire, is, I believe almost always, a course 
detrimental to the real interests of the applied science. I could name 
specific instances where in other countries thoroughly competent and 
zealous investigators have by the shortsightedness of superior officials 
heen thus debarred from following to their conclusion researches of 
great value and novelty. 

In this country where the Development Commission will presum- 
ably for many years be the main instigator and controller of agricul- 
tural research, the constitution of the advisory board, on which science 
is largely represented, forms a guarantee that broader counsels will 
prevail, and it is to be hoped that not merely this inception of the work, 
but its future adiministration also will be guided in the same spirit. 
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So long as a train of inquiry continues to extend, and new knowledge, 
that most precious commodity, 1s coming in the enterprise will not be 
in vain and it will be usnally worth while to pursue it. 

The relative value of the different parts of knowledge in their appli- 
eation to industry is almost impossible to estimate, and a line of work 
should not be abandoned until it leads to a dead end, or is lost in a 
desert of detail. 

We have, not only abroad, but also happily in this eountry, several 
private firms engaged in various industries—I may mention especially 
metallurgy, pharmacy and brewing—who have set an admirable ex- 
ample in this matter, instituting researches of a costly and elaborate 
nature, practically unlimited in scope, connected with the subjects of 
their several activities, conscious that it is only by men in close touch 
with the operations of the industry that the discoveries ean be made, 
and well assured that they themselves will not go unrewarded. 

Let us on our part beware of giving false hopes. We know no 
hemony “of sovran use against all enchantments, mildew blast, or 
damp.” Those who are wise among us do not even seek it yet. Why 
should we not take the farmer and gardener into our fullest confidence 
and tell them this? I read lately a newspaper interview with a fruit- 
farmer who was being questioned as to the success of his undertaking, 
and spoke of the pests and difficulties with which he had had to con- 
tend. He was asked whether the Board of Agriculture and the scien- 
tific authorities were not able to help him. He replied that they had 
done what they could, that they had recommended first one thing and 
then another, and he had formed the opinion that they were only in an 
experimental stage. He was perfectly right, and he would hardly have 
been wrong had he said that in these things science is only approach- 
ing the experimental stage. This should be notorious. ‘There is noth- 
ing to extenuate. To affect otherwise would be unworthy of the dig- 
nity of scienee. 

Those who have the means of informing the public mind on the 
state of agricultural science should make clear that though something 
can be done to help the practical man already, the ehief realization of 
the hopes of that science is stil] very far away, and that it can only be 
reached by long and strennons effort, expended in many various diree- 
tions, most of which must seem to the uninitiated mere profitless wand- 
ering. So only will the confidenee of the laity be permanently assured 
towards research. 

Nowhere is the need for wide views of our problems more evident 
than in the stndy of plant-diseases. Hitherto this side of agriculture 
and of horticulture, though full of possibilities for the introduction of 
scientific method, has been examined only in the crudest and most 
empirical fashion. To name the disease, to burn the affected plants 
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and to ply the crop with all the sprays and washes in succession ought 
not to be regarded as the utmost that science can attempt. There is 
at the present time hardly any comprehensive study of the morbid 
physiology of plants comparable with that which has been so greatly 
developed in application to animals. The nature of the resistance to 
disease characteristic of so many varieties, and the modes by which it 
may be ensured, offers a most attractive field for research, but it is one 
in which the advance must be made by the development of pure science, 
and those who engage in it must be prepared for a Jong period of labor 
without ostensible practical results. It has seemed to me that the most 
likely method of attack is here, as often, an indirect one. We should 
probably do best if we left the direct and special needs of agriculture for 
a time out of account, and enlisted the services of pathologists trained 
in the study of disease as it affects man and animals, a science already 
developed and far advanced towards success. Such a man, if he were 
to devote himself to the investigation of the same problems in the case 
of plants could, I am convinced, make discoveries which would not 
merely advance the theory of disease-resistance in general very greatly, 
but would much promote the invention of rational and successful treat- 
ment. 

As regards the application of genetics to practise, the case is not 
very different. When I go to the Temple Show or to a great exhibition 
of live stock, my first feeling is one of admiration and deep humility. 
Where all is so splendidly done and results so imposing are already at- 
tained, is if not mere impertinence to suppose that any advice we are 
able to give is likely to be of value? 

But as soon as one enters into conversation with breeders, one finds 
that almost all have before them some ideal to which they have not yet 
attained, operations to perform that they would fain do with greater 
ease and certainty, and that as a matter of fact, they are looking to 
scientific research as a possible source of the greater knowledge which 
they require. Can we, without presumption, declare that genetic sci- 
ence is now able to assist these inquirers? In certain selected cases it 
undoubtedly can—and I will say, moreover, that 1f the practical men 
and we students could combine our respective experiences into one 
head, these cases would already be numerous. On the other hand, it is 
equally clear that in a great range of examples practise is so far ahead 
that science can scarcely hope in finite time even to represent what 
has been done, still less to better the performance. We can not hope to 
improve the Southdown sheep for its own districts, to take a second 
off the trotting record, to increase the flavor of the muscat of Alex- 
andria, or to excel the orange and pink of the rose Juliet. Nothing 
that we know could have made it easier to produce the Rambler roses, 
or even to evoke the latest novelties in sweet peas, though it may be 
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claimed that the genetic system of the sweet pea is, as things go, fairly 
well understood. To do any of these things would require a contro] of 
events so lawless and rare that for ages they must probably remain 
classed as accidents. On the other hand, the modes by which combina- 
tions can be made, and by which new forms can be fixed, are through 
Mendelian analysis and the recent developments of genetic science now 
reasonably clear, and with that knowledge much of the breeder’s work 
is greatly simplified. This part of the subject is so well understood 
that I need scarcely do more than allude to it. 

A simple and interesting example is furnished by the work which 
Mr. H. M. Leake is carrying out in the case of cotton in India. The 
cottons of fine quality grown in India are monopodial in habit, and are 
consequently late in flowering. In the United Provinces a compara- 
tively early-flowering form is required, as otherwise there is not time 
for the fruits to ripen. The early varieties are sympodial in habit, and 
the primary apex does not become a flower. Hitherto no sympodial 
form with cotton of high quality has existed, but Mr. Leake has now 
made the combination needed, and has fixed a variety with high-class 
cotton and the sympodial habit, which is suitable for cultivation in the 
United Provinces. Until genetic physiology was developed by Men- 
delian analysis, it is safe to say that a practical achievement of this 
kind could not have been made with rapidity or certainty. The re- 
search was planned on broad lines. In the course of it much light was 
obtained on the genetics of cotton, and features of interest were dis- 
covered which considerably advance our knowledge of heredity in sev- 
eral important respects. This work forms an admirable illustration 
of that simultaneous progress both towards the solution of a complex 
physiological problem and also towards the successful attainment of an 
economic object which should be the constant aim of agricultural 
research. 

Necessarily it follows that such assistance as genetics can at present 
give is applicable more to the case of plants and animals which can be 
treated as annuals than to creatures of slower generation. Yet this 
already is a large area of operations. One of the greatest advances to 
be claimed for the work is that it should induce raisers of seed crops 
especially to take more hopeful views of their absolute purification than 
have hitherto prevailed. It is at present accepted as part of the nat- 
ural perversity of things that most high-class seed crops must throw 
“rogues,” or that at the best the elimination of these waste plants can 
only be attained by great labor extended over a vast period of time. 
Conceivably that view is correct, but no one acquainted with modern 
genetic science can believe it without most cogent proof. Far more 
probably we should regard these rogues either as the product of a few 
definite individuals in the crop, or even as chance impurities brought 
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in by accidental mixture. In either case they can presumably be got 
rid of. I may even go further and express a doubt whether that degen- 
eration which is vaguely. supposed to be attendant on all seed crops is a 
physiological reality. Degeneration may perhaps affect plants like the 
potato which are continually multiplied asexually, though the fact has 
never been proved satisfactorily. Moreover it is not in question that 
races of plants taken into unsuitable climates do degenerate rapidly 
from uncertain causes, but that is quite another matter. 

The first question is to determine whether a given rogue has in it 
any factor which is dominant to the corresponding character in the 
typical plants of the crop. If it has, then we may feel considerable 
confidence that these rogues have been introduced by accidental mix- 
ture. The only alternative, indeed, is ecross-fertilization with some dis- 
tinct variety possessing the dominant, or crossing within the limits of 
the typical plants themselves oceurring in such a way that complemen- 
tary factors have been brought together. This last is a comparatively 
infrequent phenomenon, and need not be considered till more probable 
hypotheses have been disposed of. If the rogues are first crosses the 
fact can be immediately proved by sowing their seeds, for segregation 
will then be evident. For example, a truly round seed is occasionally, 
though very rarely, found on varieties of pea which have wrinkled seeds. 
I have three times seen such seeds on my own plants. A few more were 
kindly given me by Mr. Arthur Sutton, and I have also received a few 
from M. Philippe de Vilmorin—to both of whom I am indebted for 
most helpful assistance and advice. Of these abnormal or unexpected 
seeds some died without germinating, but all which did germinate in 
due course produced the normal mixture of round and wrinkled, proving 
that a cross had oceurred. Cross-fertilization in culinary peas is exces- 
sively rare, but it is certainly sometimes effected, doubtless by the leaf- 
cutter bee (Megachile) or a humble-bee visiting flowers in which for 
some reason the pollen has been inoperative. But in peas crossing is 
assuredly not the source of the ordinary rogues. ‘These plants have a 
very peculiar conformation, being tall and straggling, with long inter- 
nodes, small] leaves and small flowers, which together give them a 
eurious wild look. When one compares them with the typical culti- 
vated plants which have a more luxuriant habit, it seems diffieult to 
suppose that the rogue can really be recessive in such a type. True, we 
can not say definitely @ priori that any one character is dominant to 
another, but old preconceptions are so strong that without actual] evi- 
dence we always incline to think of the wilder and more primitive 
charaeteristics as dominants. Nevertheless, from such observations as 
I have been able to make I can not find any valid reason for doubting 
that the rogues are really recessives to the type. One feature in par- 
ticular is quite inconsistent with the belief that these rogues are in any 
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proper sense degenerative returns to a wild type, for in several examples 
the rogues have pointed pods like the cultivated sorts from which they 
have presumably been derived. All the more primitive kinds have the 
dominant stump-ended pod. If the rogues had the stump pods they 
would fall in the class of dominants, but they have no single quality 
which can be declared to be certainly dominant to the type, and I see 
no reason why they may not be actually recessives to it after all. 
Whether this is the true account or not we shall know for certain next 
year. Mr. Sutton has given me a quantity of material which we are 
now investigating at the John Innes Horticultural Institution, and by 
sowing the seed of a great number of individual plants separately I 
anticipate that we shall prove the rogue-throwers to be a class apart. 
The pure types then separately saved should, according to expectation, 
remain rogue-free, unless further sporting or fresh contamination 
occurs. If it prove that the long and attenuated rogues are really 
recessive to the shorter and more robust type, the case will be one of 
much physiological significance, but I believe a parallel already exists 
in the case of wheats, for among certain crosses bred by Professor 
Biffen, some curious spelt-like plants occurred among the derivatives 
from such robust wheats as Rivet and Red Fife. 

There is another large and important class of cases to which similar 
considerations apply. I refer to the bolting or running to seed of erops 
grown as biennials, especially root crops. It has hitherto been uni- 
versally supposed that the loss due to this cause, amounting in sugar 
beet as it frequently does to five, or even more, per cent., is not pre- 
ventable. This may prove to be the truth, but I think it is not impos- 
sible that the bolters can be wholly, or almost wholly, eliminated by the 
application of proper breeding methods. In this particular example I 
know that season and conditions of cultivation count for a good deal in 
promoting or checking the tendency to run to seed, nevertheless one 
can scarcely witness the sharp distinction between the annual and 
biennial forms without suspecting that genetic composition is largely 
responsible. If it proves to be so, we shall have another remarkable 
iflustration of the direct applicability of knowledge gained from a 
purely academic source. “ Let not him that putteth his armor on boast 
him as he that putteth it off,’ and I am quite alive to the many obstacles 
which may lie between the conception of an idea and its realiza- 
tion. One thing, however, is certain, that we have now the power to 
formulate rightly the question which the breeder is to put to nature; 
and this power and the whole apparatus by which he can obtain an 
answer to his question—in whatever sense that answer may be given— 
has been derived from experiments designed with the immediate object 
of investigating that scholastic and seemingly barren problem, “ What 
is a species?” If Mendel’s eight years’ work had been done in an 
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agricultural school supported by publie money, I can imagine much 
shaking of heads on the county council governing that institution, and 
yet it is no longer in dispute that he provided the one bit of solid dis- 
covery upon which all breeding practise will henceforth be based. 

Everywhere the same need for accurate knowledge is apparent. I 
suppose horse-breeding is an art which has by the application of com- 
mon sense and great experience been carried to about as high a point 
of perfection as any. Yet even here J have seen a mistake made which 
is obvious to any one accustomed to analytical breeding. Among a 
number of stallions provided at great expense to improve the breed of 
horses in a certain district was one which was shown me as something 
of a euriosity. This particular animal had been bred by one of the 
provided stallions out of an indifferent country mare. It had been 
kept as an unusually good-looking colt, and was now traveling the 
country as a breeding stallion, under the highest auspices. I thought 
to myself that if such a practise is sanctioned by breeding acumen and 
common sense, science is not after all so very ambitious if she aspires 
to do rather better. The breeder has continually to remind himself 
that it is not what the animal or plant looks that matters, but what it ¢s. 
Analysis has taught us to realize, first, that each animal and plant is 
a double strueture, and next that the appearance may show only half 
its composition. 

With respect to the inheritance of many physiological qualities of 
divers kinds we have made at least a beginning of knowledge, but there 
is one class of phenomena as yet almost untouched. This is the mis- 
cellaneous group of attributes which are usually measured m terms of 
size, fertility, yield and the like. This gronp of characters has more 
than common significance to the practical man. Analysis of them ean 
nevertheless only become possible when pure science has progressed far 
beyond the point yet reached. 

I know few lines of pure research more attractive and at the same 
time more likely to lead to eeconomie results than an investigation of 
the nature of variation in size of the whole organism or of its parts. 

3v what factors is it caused? By what steps does it proceed? By 
what limitations is it beset? In illustration of the applieation of these 
questions T may refer to a variety of topies that have been lately brought 
to my notice. In the case of merino sheep I have been asked by an 
Australian breeder whether it is possible to combine the optimum length 
of wool with the optimum fineness and the right degree of crimping. 
I have to reply that absolutely nothing is yet known for certain as to 
the physiologieal factors determining the length or the fineness of wool. 
The crimping of the fibers is an expression of the faet that each par- 
ticular hair is eurved, and if free and untwisted wonld form a eork- 
serew spiral, but as to the genetics of curly hair even in man very little 
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is yet known. But leaving the question of curl on one side, we have 
in regard to the length and fineness of wool, a problem which genetic 
experiment ought to be able to solve. Note that in it, as in almost all 
problems of the “ yield ” of any product of farm or garden, two distinct 
elements are concerned—the one is size, and the other is number. The 
length of the hair is determined by the rate of excretion and length of 
the period of activity of the hair follicles, but the fineness is determined 
by the number of follicles in unit area. Now analogy is never a safe 
guide, but I think if we had before us the results of really critical ex- 
periments on the genetics of size and number of multiple organs in any 
animal or even any plant, we might not wholly be at a loss in dealing 
with this important problem. 

A somewhat similar question comes from South Africa. Is it pos- 
sible to combine the qualities of a strain of ostriches which has extra 
long plumes with those of another strain which has its plumes extra 
lustrous? I have not been able fully to satisfy myself upon what the 
luster depends, but I incline to think it is an expression of fineness of 
fiber, which again is probably a consequence of the smallness and in- 
creased number of the excreting cells, somewhat as the fineness of wool 
is a consequence of the increased number and smallness of the ex- 
ereting follicles. 

Again the question arises in regard to flax, how should a strain be 
bred which shall combine the maximum length with maximum fineness 
of fiber? The element of number comes in here, not merely with regard 
to the number of fibers in a stem, but also in two other considerations, 
first, that the plant should not tiller at the base, and, secondly, that the 
decussation of the flowering branches should be postponed to the highest 
possible level. 

Now in this problem of the flax, and not impossibly in the others I 
have named, we have questions which can in all likelihood be solved in 
a form which will be of general, if not of universal, application to a 
host of other cognate questions. By good luck the required type of 
flax may be struck at once, in which case it may be fixed by ordinary 
Mendelian analysis, but if the problem is investigated by accurate 
methods on a large scale, the results may show the way into some of 
those general problems of size and number which make a great part 
of the fundamental mystery of growth. 

I see no reason why these things should remain inscrutable. There 
is indeed a little light already. We are well acquainted with a few 
examples in which the genetic behavior of these properties is fairly 
definite. We have examples in which, when two varieties differing in 
number of divisions are crossed, the lower number dominates—or, in 
other words, that the increased number is a consequence of the removal 
of a factor which prevents or inhibits particular divisions, so that they 
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do not take place. It is likely that in so far as the increased pro- 
ductivity of a domesticated form as compared with its wild original 
depends on more frequent division, the increase is due to loss of inhibit- 
ing factors. How far may this reasoning be extended? Again we 
know that in several plants—peas, sweet peas, Antirrhinum and certain 
wheats—a tall variety differs in that respect from a dwarf in possessing 
one more factor. It would be an extraordinarily valuable addition to 
knowledge if we could ascertain exactly how this factor operates, how 
much of its action is due to linear repetition, and how munch to actnal 
extension of individual parts. The analysis of the plants of inter- 
mediate size has never been properly attempted, but would be full of 
interest and have innumerable bearings on other cases in animals and 
plants, some of munch economic importance. 

That in all such examples the objective phenomena we see are 
primarily the consequence of the interaction of genetic factors is almost 
certain. The lay mind is at first disposed, as always, to attribute such 
distinctions to anything rather than to a specific cause which is invisible. 
An appeal to differences in conditions—which a moment’s reflection 
shows to be either imaginary or altogether ndependent—or to those 
vague influences invoked under the name of selection, silently post- 
poning any laborious analysis of the nature of the material selected, 
repels curiosity for a time, and is lifted as a veil before the actual phe- 
nomena; and so even critical intelligences may for an indefinite time 
be satisfied that there is no specific problem to be investigated, in the 
same facile way that, till a few years ago, we were all content with the 
belief that malarial fevers conld be referred to any damp exhalations in 
the atmosphere, or that in suppuration the body was discharging its 
natural humors. In the economics of breeding, a thousand such phe- 
nomena are similarly waiting for analysis and reference to their spe- 
cific causes. What, for instance, is self-sterility? The phenomenon is 
very widely spread among plants, and is far commoner than most people 
suppose who have not specially looked for it. Why is it that the pollen 
of an individual in these plants fails to fertilize the ova of the same 
individual? Asexual multiplication seems in no way to affect the case. 
The American experimenters are doubtless right in attributing the fail- 
ure of large plantations of a single variety of apples or of pears in a 
high degree to this canse. Sometimes, as Mr. W. O. Backhonse has 
found in his work on plums at the John Innes Horticultural Institu- 
tion, the behavior of the varieties is most definite and specific. He 
carefully self-fertilized a number of varieties, excluding casual pollina- 
tion, and found that while some sorts, for example, Victoria, Czar and 
Early Transparent set practically every fruit self-pollinated, others 
including several (perhaps all) Greengages, Early Orleans and Sultan 
do not set a single fruit without pollination from some other variety. 
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Dr. Erwin Baur has found indications that self-sterility in Antirrhinum 
may be a Mendelian recessive, but whether this important suggestion 
be confirmed or not, the subject is worth the most minute study in all 
its bearings. The treatment of this problem well illustrates the proper 
scope of an applied science. The economic value of an exact determina- 
tion of the empirical facts is obvious, but it should be the ambition of 
any one engaging in such a research to penetrate further. If we can 
grasp the rationale of self-sterility we open a new chapter in the study 
of life. It may contain the solution of the question, What is an indi- 
vidual ?—no mere metaphysical conundrum, but a physiological problem 
of fundamental significance. 

What, again, is the meaning of that wonderful increase in size or in 
“wield” which so often follows on a first cross? We are no longer 
content, as Victorian teleology was, to call it a “ beneficial ” effect and 
pass on. The fact has long been known and made use of in breeding 
stock for the meat market, and of late years ithe practise has also been 
introduced in raising table poultry. Ma. G. N. Collins,? of the U. S. 
Department of Agriculture, has recently proposed with much reason 
that it might be applied in the case of maize. The cross is easy to make 
on a commercial scale, and the gain in yield is striking, the increase 
ranging as high as 95 per cent. These figures sound extravagant, but 
from what I have frequently seen in peas and sweet peas, I am prepared 
for even greater increase. But what ts this increase? How much of it 
is due to change in number of parts, how mucl to transference of dif- 
ferentiation or homeeosis, as I have called it—leaf-buds becoming flower- 
buds, for instance—and how much to actual increase in size of parts? 
To answer these questions would be to make an addition to human 
knowledge of incaleulably great significance. 

Then we have the further question, How and why does the increase 
disappear in subsequent generations? The very uniformity of the 
eross-breds between pure strains must be taken as an indication that 
the phenomenon is orderly. Its subsidence is probably orderly also. 
Shull has advocated the most natural view that heterozygosis is the 
exciting cause, and that with the gradual return to the homozygous state 
the effects pass off. I quite think this may be a part of the explanation, 
but I feel difficulties, which need not here be detailed, in accepting this 
as a complete account. Some of the effect we may probably also at- 
tribute to the combination of complementary factors; but whether 
heterozygosis, or complementary action, is at work, our experience of 
cross-breeding in general makes it practically certain that genetic fac- 
tors of special classes only can have these properties, and no pains should 
be spared in identifying them. It is not impossible that such identifi- 
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cation would throw light on the nature of cell division and of that 
mneristic process by which the repeated organs of living things are con- 
stituted, and I have much confidence that in the course of the analysis 
discoveries will be made bearing directly both on the general theory of 
heredity and on the practical industry of breeding. 

In the application of science to the arts of agriculture, chemistry, 
the foundation of sciences, very properly and inevitably came first, 
while breeding remained under the unchallenged control of simple 
comimon sense alone. The science of genetics is so young that when we 
speak of what it also can do we must still for the most part ask for a 
long credit; Imt I think that if there is full cooperation between the 
practical breeder and the scientific experimenter, we shall be able to 
redeem onr bonds at no remotely distant date. In the mysterious prop- 
erties of the living bodies of plants and animals there is an engine 
capable of wonders scarcely yet suspected, waiting only for the con- 
structive government of the human mind. Even in the seemingly rig- 
orous tests and trials which have been applied to living material ap- 
parently homogeneous, it is not doubtful that error has often come in 
by reason of the individual genetic heterogeneity of the plants and ani- 
mals chosen. A batch of fruit trees may be all of the same variety, but 
the stocks on which the variety was grafted have hitherto been almost 
always seminally distinct individuals, each with its own powers of 
luxuriance or restriction, their own root-systems and properties so 
diverse that only in experiments on a colossal scale can this diversity 
be supposed to be levelled down. Even in a closely bred stram of cattle, 
though all may agree in their “ points,” there may still be great genetic 
diversity in powers of assimilation and rapidity of attaining maturity, 
by which irregularities by no means negligible are introduced. The 
range of powers which organic variation and genetic composition can 
confer is so vast as to override great dissimilarities in the conditions 
of cultivation. This truth is familiar to every raiser and grower who 
knows it tn the forn: that the first necessity is for him to get the right 
breed and the right varicty for his work. If he has a wheat of poor 
yield, no amount of attention to cultivation or manuring will give a 
good crop. An animal that is a bad doer will remain so in the finest 
pasture. All praise and gratitude to the student of the conditions of 
life, for he can do, and has done, much for agriculture, but the breeder 
can do even more. 

When more than fifteen years ago the proposal to found a school of 
agriculture in Cambridge was being debated, much was said of the im- 
portance of the chemistry of soils, of researches into the physiological 
value of food-stuffs, and of other matters then already prominent on 
the scientific horizon. I remember then interpolating with an appeal 
for some study of the physiology of breeding, which I urged should 
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find a place in the curriculum, and I pointed out that the improve- 
ment in the strains of plants and animals had done at least as much 
—more, I really meant—to advance agrieulture than had been accom- 
plished by other means. My advice found little favor, and I was taken 
to task, afterwards, by a prominent advocate of the new school for rais- 
ing a side issue. Breeding was a purely empirical affair. Common 
sense and selection comprised the whole business, and physiology flew 
at higher game. I am, nevertheless, happy now to reflect that of the 
work which is making the Cambridge Schoo] of Agriculture a force for 
progress in the agricultural world the remarkable researches and re- 
sults of my late colleague, Professor Biffen, based as they have been on 
modern discoveries in the pure sciences of breeding, occupy a high and 
greatly honored place. 

In conclusion I would sound once more the note with which I be- 
gan. If we are to progress fast there must be no separation made be- 
tween pure and applied science. The practical man with his wide 
knowledge of specific natura] facts, and the scientific student ever seek- 
ing to find the hard general truths which the diversity of nature hides 
—truths out of which any lasting strncture of progress must be built 
~—have everything to gain from free interchange of experience and 
ideas. To ensure this community of purpose those who are engaged 
in scientific work should continually strive to make their aims and 
methods known at large, neither exaggerating their confidence nor con- 
cealing their misgivings, 

Till the world is wrought 
To sympathy with hopes and fears it heeded not. 
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CIV ELIZATTON. AND? VEGETATION 
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ERTAIN experiences, national and personal, have caused me to 
reflect of late on this subject, the outlines and meaning of which 
will become clear, I hope, as we proceed. 

With the modesty which we all recognize to be the supreme charac- 
teristic distinguishing man from all other living organisms, we regard 
the human race as the dominant one in nature. We consider it not only 
the one whose mental, if not physical, evolution has proceeded furthest 
toward the highest good, but the one which by natural or divine right 
should subjugate and rule all others, should domesticate or exterminate 
at will, should plow or disembowel the earth, should make the desert bear 
crops or strip the slopes of their forest cover, centuries old. In fact, so 
complete is human modesty, that the race does all these things and many 
more with no thought but as to the means and the gain, never a question 
as to the right. That is modestly assumed. 

Ifuman modesty even goes so far as to compel competition among 
men. The gross material cannibalism that once prevailed has given 
place to that refined cannibalism which, on bourse and stock exchange, 
in manufacture and sale of commodities, even in the numberless 
Olympuses of our American colleges, “ eats up” the “ lambs,” devours 
the weak competitor, and oppresses the friendless. Peace is not in the 
scheme of nature, that nature in which man has taken the réle of 
Ishmael, whose hand was against every man and every man’s hand 
against him. 

With this Ishmael, as in all nature, struggle is universal and inevi- 
table; struggle, competition, war if you will, which can have only one 
end, the extermination of one of the strugglers. There is such a thing 
as extermination by assimilation. ‘The King of the Cannibal Islands 
exterminated the first missionaries by assimilating them after murder. 
We are to-day exterminating the Indian as such by assimilating him 
without murder as certainly as in the days of the Indian wars. 

Where are the races of wild animals from which we have “ devel- 
oped ” cows and hens, the intelligence, alertness and galety of whose 
countenances is so obvious? We have assimilated them. Some of their 
excellences have even been imitated on the stage. 

What ts the jov of ving as a tame hen, as a domesticated cow, as 
a pruned pear tree? “The ox that treadeth out corn” is sure of daily 
food; so is “‘ the cock of the walk ”; so also are the subjugated plants of 
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farm and garden; but individuality has been sacrificed for safety, they 
have been conquered in the war which every man is waging against every 
other living thing, human or other. 

Whether the Ishmaelitie réle of man in nature be right or wrong, it 
is very real, and we ean not eseape playing our share in that role. It 
may be merely as competitors against other human beings, holding the 
positions which others would like, but which we call ours; or it may be 
as competitors against other kinds of organisms. 

On beautiful spring days, when the country ealls us from desk and 
laboratory, we see the fields turning over under the plow, the wild 
flowers, the native shrubs, and the young trees existing, if at all, only in 
the fence corners, the trees and other plants of the wood-lot leaping their 
bounds only to be killed bye and bye by the cultivator. In place of the 
variety whieh once covered an acre, we shall presently see only a waving 
field of grain, wheat or barley or oats, no one of which is native; or there 
will come up eorn in formal rows whieh ean reaeh its hypertrophic 
maturity only by the destruction of numberless smaller plants of whieh 
this field was once the possession. Or the unnatural trees of an orehard 
shade a hillside on which onee stood a forest, and in place of clear 
streams the air tinkles with the musie of brooks and ereeks turbid with 
soil and perhaps infected with typhoid. 

This last is an evidence of revenge. Civilization and man do not 
have things without struggle, although the outcome of the struggle is 
certain. Civilization and man will triumph, but not without great 
mortality on both sides. In the natural forest and on the natural 
prairie, untouehed by man’s invasion or by fire or by other profound 
disturbanee, the balanee is fairly maintained year after year. Last 
summer in the northern Rockies, I was struck by the fact that the forest 
does not eneroach on the grass land, nor this spread into the timber. 
Generation after generation, they are the same, with great grassy bays 
here and there into the forest and high eapes and promontories of timber 
stretching out into the grazing land. The trees and the grasses bear and 
shed seed vear by year; Insects eat the foliage or tunnel bark and wood; 
parasitic fungi eause smut or rust or rot: but neither set of enemies 
produces an epidemic or decimates the plant population, nor does the 
population greatly change. But let man clear the land of its stable 
native population, and the difference is at once apparent. If he attempt 
to raise a crop, he must fight as a weed every native plant, or cut baek 
the timber to secure sunshine; he must drain his fields of exeessive 
moisture, but in such manner as to conserve enough; he must till so that 
fresh soil may be brought to the roots of suecessive erops; and he must 
soon begin the endless use of insecticides, fungicides and fertilizers 
hecause of the apparently sudden increase in enemies and decrease in 
fertility. This is what he pays for trying to substitute his balance of 
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population for that of nature. By tools and sprays he drives back the 
larger and more minute representatives of the former population until 
finally they are to be found only in such places as man may not yet wish 
to use for the other purposes. In Muir’s “ Mountains of California,” 
in the chapter entitled The Bee-Pastures, he describes what used to be. 
“The Great Central Plain of California during the months of March, 
April and May, was one smooth continuous bed of honey-bloom, so mar- 
vellously rich that in walking from one end of it to the other, a dis- 
tance of 400 miles, your foot would press about a hundred flowers at 
every step. The radiant honey-filled corollas, touching and over lapping, 
and rising above one another, glowed in the living light like a sunset 
sky—one sheet of purple and gold, with the bright Sacramento pouring 
through the midst of it from the north, the San Joaquin from the south, 
and their many tributaries sweeping in at right angles from the 
mountains, dividing the plain into sections fringed with trees.” Now 
that plain is a checkerboard of grain and alfalfa fields bounded by irri- 
gation ditches. And the lesser valleys, parallel with this great central 
plain, bounded by mountains still more or less timbered, are consecrated 
to the culture—of prunes. Undisturbed nature is still accessible, nearer 
at hand in that golden west than in the green middle west or on the 
Atlantic slope. Even the tourist can reach it if he will; not in Yosemite 
with its hotel, camps, and mule-polluted trails ; but beyond, at the top of 
the world, in the higher places of the Sierra. 

Civilization in the form of agriculture plays sad havoe with natural 
native vegetation, destroying, driving back, exterminating most, domes- 
ticating and assimilating few, plants. 

Where agriculture has not yet reached, the lumberman hews down 
that man may elsewhere build up. There is, so far as I know, only one 
of our forests which, given a fair chance, will quickly reproduce itself. 
The redwood forest which used to stretch for hundreds of miles 
unbroken over the eastward as well as the westward slopes of the 
mountains closely paralleling the coast line of California, can reproduce 
itself and does wherever the lumberman fails to clear by the cheap and 
costly means of fire. The redwood suckers like a lilac, a rare quality in 
conifers. If the underground parts of a felled tree are left alive, 
suckers will spring up, and by their astonishingly rapid growth, almost 
throughout the twelve month, drenched in life-giving fogs in the rainless 
summer and checked only by the coldest weather of the mild and rainy 
winter, they will yield a stand which in thirty years will be merchantable 
timber. Meantime the soil is held in place, the wash is slow and com- 
paratively harmless, the streams are clear, and those turbid destructive 
floods so common elsewhere, are almost unknown. 

The vast areas which the nation has saved from the lumberman to 
furnish timber for our children and their children, to cover the water- 
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sheds and to conserve and control the yearly run-off, are annually placed 
in jeopardy by the railroads. Last year, disastrous fires in the far north- 
west, and the less extensive fires of Wisconsin and Minnesota in the 
summer preceding, only too plainly showed this. So dreadful has been 
the loss of human life and of property from this cause that the substi- 
tution of sparkless fuel-oil on locomotives traversing forested areas is 
now not only urged by the forest service, but being seriously considered 
by the railway companies. Until electric traction or sparkless fuel is 
emploved, each dry season will bring its record of destruction along 
the tracks of civilization through forest and grazing land. 

Reaching almost as far from its source as the fires accidentally set 
by civilization, is the destruction of vegetation by certain forms of 
industry. The damage is done in two ways, by drainage and by fumes. 
The composition of ordinary domestic drainage is disturbing enough to 
vegetation. J have had occasion to notice this along the shore of 
Monterey Bay. When I first saw these waters they were bordered on 
one side by the towns of Monterey and Pacific Grove, sleeping peace- 
fully, the one after a somewhat turbulent past, the other on federal and 
denominational pensions. Between tide marks and further out were a 
fauna and flora so rich and so varied that a few years earlier, when the 
whole coast of California was open for such a choice, this had been 
selected as the best location for the Marine Biological Laboratory of 
Stanford University. So far as I can see, the fauna and flora are as 
rich to-day as then, but with the recent rapid increase in population of 
these two towns and the consequent increase in sewage pouring into 
the bay at no great distance below low-tide mark, there has been a 
decided increase in the quantity of diatoms living attached to the sea- 
weeds growing between tide marks. The body of water in Monterey 
Bay is so very large and so thoroughly mixed by the tides, and the 
volume of sewage discharged into it from the towns on its shores is still 
so small in comparison, that the sea-water, even now, deserves to be 
called pure. But it is no longer perfect purity. Its increasing though 
still relatively slight pollution is shown by the change in the balance of 
the population between tide marks, by indicators exceeding in sensi- 
tiveness those of the chemical laboratory, by living things. We all 
know that, when pollution goes further, certain plants are no longer 
found in stream and bay; river and mnd-flat become huge cultures in 
which coarse alge and offensive bacteria flourish. 

In all such changes as these, however, there is only a change, not a 
decrease in the valne of the water as a nutrient solution. Nothing 
poisonous has been added to it, only substances which so abundantly 
nourish bacteria, blue-green algw, diatoms and coarse green alge, that 
other forms become more or less crowded out. This is so common an 
effect of civilization on vegetation that we think nothing of it. On the 
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other hand, the actual poisoning of plants and animals by drainage from 
industrial establishments attracts much more attention and in many 
states is forbidden by law. When there are no longer trout in a once 
famous fishing stream people are much more likely to notice and to 
remedy the injury than if sawdust or tailings merely make the stream 
and its borders unsightly or desolate. In the parts of the west depend- 
ent upon irrigation, drainage from mines or works which makes the 
water poisonous to the crops, arouses the public much more than the 
pollution which makes it dangerous to drink. 

Perhaps it is but natural, and only another exhibition of that 
modesty which constitutes the distinguishing characteristic of the 
human species, at all events those influences which affect man and other 
animals are more likely to be recognized by him than those which affect 
plants; and those which affect his quick-growing crops, with their more 
frequent money returns, are more promptly recognized than those which 
may greatly augment or diminish a harvest coming only twice or thrice 
inacentury. What do we know of the effects of iJluminating gas in our 
houses and gardens, of the effects of the gaseous emanations from 
domestic and factory fires upon the trees of streets and parks? The 
only reason why gas-piping is no worse, is that greater leakage would be 
unprofitable to the gas companies, even at the present high rates. As it 
is, our houses and laboratories reek of gas to the sensitive nostril, and 
garden and green-house yield less than they would if the soil were not 
traversed by badly jointed pipes. 

We think and speak of the smoke nuisance as if it were merely a 
soot nuisance. We do not realize that the most perfect and ideal 
“smoke consumer,” which would certainly lessen our laundry bills, 
would utterly fail to lengthen life. The most perfect fuels, because the 
least injurious, are wood and aleohol. IHow often have we seen a farm- 
house overtopped by some great tree and through its branches the 
fragrant wood-smoke floating gently from the chimney. The substi- 
tution of coal for wood would be quickly followed by a succession of 
troubles which would finally kill the tree, not by “ closing its pores” 
with soot, but by poisoning the living eclls in leaves and branches by 
the sulphur and chlorine fumes given off in burning the coal. So in 
our towns, you may see holes in what should be domes of foliage, bits of 
sky through what shouid be hollow masses of translucent green, olives 
and yellows when there should be a brilliant verdure. More careful 
examination will show that not only is the foliage deficient in amount 
and defective in color in carefully tended city trees, but their annual 
growth in length and thickness is less than that of their fellows uncared 
for in the purer air beyond the outmost suburbs. The much advertised 
“tree surgery ” of to-day is a species of not altogether useless quackery, 
developed to treat a symptom in communities which do not yet recog- 
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nize and remove the cause of disease. Between gas in the soil and gases 
in the air urban trees lead a more or less poisoned and morbid existence, 
appreciated and enjoyed only by those who can not or will not go where 
trees grow rapidly and well, solitary or gregarious, according to their 
kinds, a delight to the eve, an inspiration to the spirit, a shelter to the 
birds, and a satisfaction to the lumberman. 

Perhaps this seems an exaggerated statement of urban conditions, 
but an examination of the trees in the parks of Pittsburgh, Cincinnati, 
St. Louis and Chicago, among the industrial cities using mainly soft 
coal, and of New York and Boston, in which hard coal is the principal 
fuel, will convince the fair-minded observer that something is wrong. 

Air and soil analyses and experiments under controllable conditions, 
will alone reveal the cause of the condition of urban trees and of those 
growing near industrial plants from which poisonous fimes emanate. 
Such analyses of air and soil can be made only by a skilled chemist, and 
such experiments should be attempted only when a skilled chemist and 
a trained biologist can cooperate under such conditions of climate and 
equipment as to justify the expenditure of time and money. 

In the remarkably pure air of Stanford University, with the nearest 
domestic coal fire a quarter mile away and with gas supplied to the 
universitv by a single small main, a greenhouse las been so con- 
structed that it is completely divided into two exactly similar halves, in 
which experiments and their controls can be carried on under as nearly 
natural conditions as can be conceived. In each half of this house there 
were boxes of growing grain, a considerable variety of potted seedling 
trees, one, two and three years old, and other plants, aquatic and terres- 
trial. The grain was grown on the spot from seeds; the trees were grown 
from the seed in the pots and were brought into the house so long before 
they were used in experiments, that they were quite accustomed to their 
surroundings. Into one half of the experiment house, a dose of sulphur 
dioxide equal to the proportion in pure city air, was introduced daily 
(Sundays excepted) for months, during the resting period only for one 
set of trees, during the growing period only of another set, and during 
the resting and most of the growing period of a third set. 

The trees continuously in the side of the house dosed daily with a 
very minute quantity of sulphur dioxide gas, blown into and thoroughly 
mixed with the air of the house, showed a growth in length two thirds 
of that of the trees in the pure air of the other half of the house. There 
are no visible injuries; only measurement shows that those trees in air 
purer than that of most cities do not thrive, do not make as much 
growth as trees in thoroughly pure air. Analyses show that the sulphur 
dioxide is fixed, mainly in the leaves, and thus disturbs the vital 
activities of plants. The results with grain correspond. These results 
obtained by experiment justify, therefore, the assertion that the problem 
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of urban smoke is one of gases as well as solids, of poisonous fumes as 
well as inconvenient soot. 

Turning now from cities, in which the growth of plants is purely for 
pleasure, and by no means natural or commercially profitable, we may 
ask what are the effects of smelting and other works from which poison- 
ous fumes may be discharged ? 

Manufactories of certain chemicals, or of materials in the prepara- 
tion of which poisonous substances may be volatilized, and establish- 
ments in which sulphnrous ores are roasted either for the extraction 
of the metal or in order to obtain sulphur for the preparation of sul- 
phurice acid, will affect surrounding vegetation more or less seriously. 
Even locomotive smoke injures the plants along the railroads, as any- 
one may observe. The herbaceous plants along the track, but quite 
beyond the reach of steam, often show burned spots on their }eaves and 
stems. These are acid burns due to the fumes, of sulphur principally, 
discharged from the smoke-stacks of passing engines. One seldom 
travels over an old railway through woods or forests in which there are 
not many trees close to the line with branches or tops dead. Often the 
immediate cause of death is insects or fungi or possibly bacteria; just 
as tubercnlosis may be the immediate cause of death in factory workers 
debilitated by long hours of labor under conditions unfavorable to 
robust health. But in many cases, locomotive smoke can be shown to 
be the immediate as well as the mediate cause of damage or death to 
trees along a railroad, 

Such cases as these are, however, as unimportant, except as showing 
a principle, as they are at present unavoidable. On the other hand, 
where the prosecution of one industry results in the injury of many 
others, in the destruction of property, public as well as private, and in 
such changes in the run-off that the flow of water in streams perhaps 
hundreds of miles away is affected, the question becomes one of great 
importance. An illustration of this is found in the southeast corner of 
Tennessee, where, for many years, a low-grade copper ore, rich in 
sulphur, has been smelted. There are now two smelters in that region. 
The country is mountainous, the slopes naturally covered with the large- 
leaved mixed forest of the southern Appalachians, well watered by the 
frequent summer rains. The virgin forest was long ago cut for mine- 
timbers and for fuel in that extensive district known as Ducktown, but 
the second growth is also gone and, up to three years ago, nothing of 
any value could be cultivated within a distance of miles from these 
smelters. In the suit won by the state of Georgia before the Supreme 
Court of ‘the United States, it was shown that the poisonous effects of 
the fuines were visible in Georgia at a distance of forty miles from these 
Tennessee smelters. Three and a half years ago, so hopeless was the 
condition of the people attempting to farm there, that they declared 
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even the soil was poisoned, a mistake, of course. Since there is scarcely 
any level land in that district, one may imagine the result of removing 
the forest cover, destroying the undergrowth and preventing any other 
vegetation which might cover the naked soil with its branches or leaves 
and hold it together and in place with its roots. Instead, the leaf-mold 
accumulated during centuries on the forest floor and the fine soil worked 
and re-worked by roots, worms and other occupants of the ground, were 
quickly washed down the slopes into the turbid streams, floods took the 
place of the spring freshets, and the bare earth battered by the rams 
constantly gave its fertility to the already rich lowlands far away, or to 
the still more distant and unneeding sea. 

Conditions are better now. Instead of throwing away as a poisonous 
waste the sulphur dioxide formed in smelting their ores, the smelters 
are now collecting as large a proportion of this gas as possible for the 
manufacture of sulphuric acid. This they sell to the manufacturers of 
phosphate fertilizer. Instruction is leading to improved methods of 
farming, to the use of the phosphates made from converted smelter 
waste, the farms are beginning to yield crops which repay tillage, and 
the woodlands are improving. To complete this romance of industry 
reformed under federal compulsion, it need only be said that the manu- 
facture of sulphuric acid is so profitable that the smelters would be run 
for that purpose now if for no other, and that their copper costs them 
nothing! 

Jn this conflict of industry with agriculture and the native vegeta- 
tion the outcome has been a happy one; for industry, forced to recog- 
nize prior and more general rights, has been so modified as to eliminate 
its injurious effects and to enhance its own profits. This is seldom 
possible to anything like the same extent. The greater the industrial 
plant requiring reform, the more intense and extensive the damage it 
does, and the greater must be the difficulty of making the needed changes 
in method of operation. And yet even manufacturers are coming to see, 
by compulsion to be sure in most cases, that their rights are not un- 
limited, that they must conduct their business in such a manner that 
agricultural or other legitimate and established interests will not sutfer 
and that the property of the nation be not injured. 

This is the significance of the agreement reported in the newspapers 
as recently made by the Attorney General of the United States with the 
owners of the great smelters in Montana. These smeltermen, rather 
than fight a suit brought in the federal court by the Attorney General, 
have promised to modify their methods of extracting copper and the 
other metals from their ores, so that they will no longer mjure the 
property of the nation. One of these smelters handles 10,000 tons of 
ore per day, when running to its capacity, and last summer I drove 
twenty-five miles away from it, passing over the continental divide, 
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before reaching apparently sound uninjured forest. Such has been the 
widespread damage by one industrial plant in the ten years of its 
existence. The national forests at the headwaters of the Missouri and 
the Columbia are dying, and the Attorney General, in compelling their 
protection by reform in the extraction of copper, has done his duty well. 

Another case in point is afforded by a recent decision in southern 
California. In the heart of the orange-producing region of the San 
Bernardino valley, the manufacture of cement, begun on a small scale, 
has developed to considerable proportions. Going eastward on the 
Southern Pacific Railroad from Los Angeles, one passes through almost 
continuous groves of orange trees, their dark green leaves glistening in 
the brilliant sunshine which has given that land its name. Suddenly 
one notices that the foliage is no longer green, but gray, not glossy but 
dull, and that on the opposite side of the train is a cement works con- 
stantly wasting part of its laboriously manufactured product. This dust 
settles on leaves and soil, enters houses, and becoines a nuisance every- 
where. It sets wherever there is moisture, in dew or fog or rain, and does 
not wash off like ordinary dust. By reason of this opaque coating over 
the leaves, the manufacture of food in these green organs is interfered 
with, and the insufficiently nourished trees yield a correspondingly 
diminished crop. So serious has this injury to the orange industry 
become, that the court has decided that the manufacture of cement in 
one plant must be stopped entirely, and in another may be carried on 
only on a small scale, until such changes have been made that manufac- 
ture can be resumed without disadvantage to the orange-growers. That 
such changes will be made in this plant I have no doubt. 

Such eases as this, revealing the conflict of civilization and vegeta- 
tion, decided with wisdom as well as justice, leading to improved 
methods of manufacture, go far toward establishing that new balance 
which must be attained in America, as it was reached long ago in more 
populous Europe, that balance between civilization and vegetation 
which will ensure the stability and the prosperity of both. 
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F our thousand languages, great and small, dead and living, nat- 
ural and artificial, from Edenese to Esperanto, which is to be the 
world-speech of the future? “Why, English, of course!” America 
replies with one mighty voice, in which rings the indomitable optimism 
of the nation. Now, I love English dearly, for having spent twelve 
years of my youth in trying to master some of its intricacies; I love 
America still more, for her generous hospitality, which I am at present 
enjoying, and yet I find myself unable to join in the chorus so ably led 
by Professor Brander Matthews. I do not believe that English is des- 
tined to be the international language of to-morrow. On this side of 
the Atlantic, this may sound paradoxical; across the water, it is ac- 
cepted as a truism, even in England. Let us suppose ourselves in a 
neutral zone, and examine judicially the pros and cons of the case. 

Faith in the future supremacy of English can certainly not be 
lightly dismissed as a mere chauvinistic delusion. It is based on per- 
sonal experience: we all know how eagerly the better class of immi- 
grants take up the study of the language: how impatient their children 
are of any other tongue; we know that, with nothing but English and 
money at our command, we can be understood, and respectfully fleeced, 
in all the best hotels in the world. Statistics give scientific support to 
these individual impressions. One half of the world’s commerce, two 
thirds of its shippping, one fourth of its population, one half of its rail- 
roads, of its newspapers, of its postal transactions, are under the control 
of the English-speaking countries. Grammatical and literary argu- 
ments can then be brought forward in favor of English: its grammar 
actually simpler in some respects than that of Esperanto, its inter- 
national quality as a strongly Romanized Teutonic language, its won- 
derful vocabulary which can be extended in all directions without losing 
its unity, the unrivaled freedom of its syntax, which enables it to use 
the same word as a noun, a verb, an adjective or a preposition; last but 
not least, its unbroken literary record, and myriad-souled Shakespeare 
as supreme argument. 

All this has to be granted, and is granted without reluctance. No 
one denies that English is one of the three or four world-languages, and 
a prince among its peers. But that it will ever attain the unique posi- 
tion once held by Greek, Latin or French does not by any means follow. 

There are three ways for a language to achieve universality: political 
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domination, natural development, international agreement. It was 
through the political domination of Rome that Latin spread over the 
whole of the ancient world. It is through the same agency that English 
was and is diffused in Ireland, India and the Philippines; French in 
Languedoc, Provence, Brittany, Flanders and the colonies; German in 
Slesvig, Poland and Lorraine. Should England and America conquer 
the world, or simply control the world, English would become every- 
where what it is in India: the language of government, modern culture 
and commerce. 

It can not be denied that the British Empire alone is larger, richer, 
more varied, more powerful, than Rome ever was under Augustus or 
Trajan. But Rome stood as practically the sole representative of civil- 
ization: side by side with the Anglo-Saxon world there are other worlds 
—Germanic, Slavonic, Latin and Mongolian, hardly inferior in material 
development, and in some respects fully equal in culture. That the 
fate of Carthage and Greece awaits France and Germany can not be 
snggested, except in jest. ‘Ten or twelve years ago, conditions were dif- 
ferent. Anglo-Saxondom was a religion—hardly less aggressive than 
Tslam under Mohammed; Rhodes and Rudyard Kipling were its proph- 
ets. China, Sonth America, the colonies of Portugal, Holland and 
France were to be turned into Anglo-Saxon dependencies. Sometimes 
Germany was bidden to the feast, as a poor relation, and the London 
Daily Mail published highly sensational maps of the coming partitions. 
Where are the dreams of yestereve? The threatened nations have 
prospered unimpeded; other claimants to world-wide influence have 
come and gone for a season, like Russia—or come to stay, like Japan. 
The acknowledged weakness of Anglo-Saxondom in land forces has had 
a wonderful sobering effect, and, more than anything else, the growing 
sense of international justice, the thorough sanity of Great Britain and 
the United States, have contributed to dispel those unholy fancies. 

Besides, linguistic domination does not always follow political 
domination, unless there be an overwhelming disparity of forces, 
material and moral, between the ruling people and their subjects. The 
Tagals will learn English and the Malagasy French, but it is more than 
doubtful that Mexico, conquered by the States, would learn the lan- 
euage of their victors. he willingness with which immigrants adopt 
English inust not mislead us. Numerous as they are, they are, at any 
given moment, a minority. They come unorganized, severed from their 
traditions, into a highly civilized country with a strong national feeling. 
Yet, the point of saturation might soon be reached. Wherever in the 
British Empire the non-English elements are compact and have a 
tradition back of them, they maintain their language with curious 
pertinacity, like the Boers and the Habitants. Even the French in 
Louisiana, although they were but a handful, have not yet been fully 
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assimilated. Greek profited at least as much as Latin by the Roman 
conquest of the world. After a century of union with the Empire of 
the 'T'sars, the best educated inhabitants of Finland learn German rather 
than Russian. Magyar, Czech and Polish have triumphantly asserted 
themselves against German, once the only official language in the Haps- 
burg dominions. After forty years of strenuous endeavor, the German 
Empire has not shaken the hold of French culture in the essentially 
Teutonic province of Alsace. When one hears of the incessant struggle 
in Germany, Austria-Hungary and Russia, caused by the attempt of 
imposing a language on a conquered people, one can not but hope that 
England and America will be wise and generous enough not to commit 
the same mistake—or the same crime. 

Without any coercion, the natural superiority of a language, or of 
the civilization which it represents, will ensure its triumph. Thus 
Cornish disappeared and Welsh is receding before English; thus, for a 
time, and without any political connection between the two countries, 
Rumanian was entirely overshadowed by French. By a process of nat- 
ural selection, some languages remain provincial, like Basque or Breton ; 
some become national, like Hungarian; and a few conquer international 
status. Among these, by a similar process, one will forge ahead of all 
others and become alone international: such is the destiny claimed for 
English. 

All this is theory: do facts point the same way? It scems that 
every year we have more claimants instead of fewer to national and 
international rank. A century ago, French was alone in the field. At 
present, not only French, German and English, but Italian enjoys in all 
international activities a sort of official recognition. And how long will 
Spanish and Russian be content to lag behind? The distinction made 
by H. G. Wells between the three “ agglomerative ” languages, French, 
English and German, and all the rest, is by no means so clear as he 
would have us believe. There is a long way between English and 
Catalonian, for instance: but all the links of a continuous chain could 
be found. Can we consider as a minor language Italian, with its mag- 
nificent literature, past and present, its active scholarship, its intrinsic 
beauty, its faith in its own destiny?+ Or Russian, or Spanish, with 
their vast numbers, their great achievements, their boundless possibili- 
ties? The strong plea of the Brazilian delegate at the Hague Confer- 
ence against the notion of secondary powers not entitled to all the 
honors and privileges enjoyed by a few apples with even greater force 
to the notion of secondary languages. Language has become such a 
symbol of racial patriotism that the balance of power is preserved as 
jealously in the linguistic domain as in the political. 


*Cf. the activity of the Dante Alighieri Society for the spread of the 
Italian language. 
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The present supremacy of English in commerce is undoubted. Yet 
it does not amount to a monopoly. English has to face the rivalry of 
German in central and eastern Europe, of French in the Mediterranean 
countries, of Spanish in South America, of the native languages every- 
where. When the commercial hegemony of England was absolute and 
apparently indestructible, England could impose the use of her Jan- 
guage to all her customers. German competition has taught her that 
it paid to use the customers’ own speech. The unique position of 
English is thus becoming a thing of the past. England and the United 
States may retain their lead and even increase it, but the days of mon- 
opoly are gone. 

All things related to traveling—hotels, traveling agencies, navigation 
companies, were long the stronghold of Anglo-Saxon influence. But 
there is no sign that the relative importanee of that influence is on the 
increase. A generation ago, only Englishmen and Americans had both 
the means and the desire to travel. The Freneh were “ casaniers ” 
(stay-at-home) ; the Germans were poor, and all the rest, especially the 
South American “ rastagonéres,” were totally without prestige. The 
number of Anglo-Saxon tourists has greatly multiplied. Instead of 
limiting themselves to a few well-known resorts, they haunt every little 
corner in Europe. But they are no longer alone. German and French 
cruising yachts call at every port. Parisian hotels can not be content 
with the “ Enghlsh spoken ” of yesterday. He who pays the pipers calls 
the tune, and we are beginning to hear other tunes besides “ Rule 
Britannia ” and “ My Country, "Tis of Thee.” 

We do not believe that any nation 1s going to wrest from England 
and America the scepter of the commercial world; we do not believe 
that Anglo-Saxon influence in that domain is on the wane. But we do 
beheve that it is not likely to become greater than it was some ten 
years ago. And, since it was not sufficient then to secure the adoption 
of English as international medium, it probably never will. 

Business is not the whole of life. If we turn to science, we find 
that, whilst English has conquered international reeognition in practi- 
cally all branches of learning, in hardly any does it rank first. England 
and America have as splendid a roll of scientists to show as Germany 
or France: but many of these were isolated men of genius. Germany 
has a larger host of conscientious, subordinate scientific workers and a 
larger competent public. The lead of Germany is probably not so con- 
siderable as some Americans are apt to think. ‘This country has long 
been a province of the Fatherland as far as higher education was con- 
cerned, and it retains to the present day a pro-Gerinan bias which makes 
it unjust to the achievements of England, France, Italy, and even to its 
own. But, great or small, that lead, from the linguistie point of view 
at least, is undeniable. For the purpose of disinterested study, every 
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scholar and scientist in the world has to learn German first, and pos- 
sibly French second. In this connection, again, the claims of Italian 
are too often disregarded in America, and yet there is hardly any 
branch of learning in which Italy is not doing excellent work. We had 
occasion, this year, in an English-speaking university, to use the Italian 
translation of a Danish work on the old French epic. This is a small 
but typical instance of the growing cosmopolitanisim of science, and of 
the usefulness of Italian. 

But, mm the world of science just as in the world of commerce, the 
so-called minor languages show an Increasing tendency not. to recognize 
the privilege of the three or four now in possession. Berthelot com- 
plained that, whilst in his youth, with four modern languages only at 
his command, he could keep in touch with scientific activity everywhere, 
he could no longer do so at the dawn of the twentieth century. Science 
does not quite obliterate national susceptibilitv. Scientists work for 
their compatriots primarily. Perhaps they shirk the effort which the 
use of a foreign tongue always involves; perhaps they are afraid of the 
traps which the grammar of French, English or German ts fenced round 
with, and in which even the wary may fall. Seandinavian, Dutch and 
Slavonic scientists still use the recognized world-languages occasionally 
in preference to their own; but there is a growing body of untranslated 
and often valuable works in Dutch, Danish, Swedish, Russian. The 
unification of scientific Hterature under German hegemony is fast 
becoming a dream, and English hegemony the shadow of a dream. 

The position held by English i commerce, by German in science, 
belongs to French in the world of “ polite culture ”’—diplomacy, society, 
art and letters. It is a well-known fact that this position 1s not what 
it used to be. William IT. is an accomplished French scholar and an 
admirer of Frederick the Great: vet he does not cultivate the tongue of 
Anatole France as his ancestor that of Voltaire. The Gallophobia of 
twenty years ago no longer blinds Berlin to the merits of France, yet the 
Prussian Academy would not as in 1784 crown a modern Rivarol for an 
essay on the universality of the French language. There has been, 
almost everywhere, a sharp and often unjust reaction against French 
influence. The Belgian Flamingants have revived their neglected 
dialect, and secured for it absolute equality with French. In Rumania, 
where the Frenchification of the upper classes ad gone to almost in- 
credible lengths and was threatening to stifle the legitimate develop- 
ment of national culture, there have been actual riots against the 
“ Bonjouristes.” And the predominance of French in the Mediter- 
ranean is not so exclusive as it once was. 

However, the position of French is much stronger than most Amer- 
icans believe. America welcomes our lecturers, our actors; few colleges 
are without a French club, and even in small towns, ladies will meet 
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once or twice a month “ pour parler Franeais.” Yet, we regret to say 
that America, for whom we fought, America, our sister republic, is, of 
all great nations, the most indifferent to French culture. The small 
number of Frenchmen in this country, the bad reputation of a few 
international places of amusement in Paris—some under English man- 
agement—a small, noisy literature exclusively for the Boulevards and 
the export trade, perhaps also the enormous influence of Germany, 
whose friendliness to France was none of the warmest—all these factors. 
have led many Americaus to neglect France, her people and her lan- 
guage. America was, I believe, the first great nation to restrict the use 
of French as the diplomatic language, and she is perhaps the only one 
at the present day where more students learn German than French. 

However, in the rest of the world—for there is a rest of the world 
—French maintains its position. It is curious to notice that foreigners 
are much more sanguine than the French themselves about its future. 
At the Liége congress for the diffusion of the French language, a 
Russian, Novicow, led the optimists, against our great medieval philolo- 
gist, Pau] Meyer, probably lost in his regrets for the glorious thirteenth 
century. Rivarol was never more complimentary to us than H. G. 
Wells, Gubernatis, Valera or Max Nordau. 

Professor Brander Matthews believes that the larger intellectual and 
financial opportunities of English will lure ambitious writers away from 
their language and their people. He gives Maarten Maartens as an 
example. This tendency is not new, and French, in the past, could 
point with pride to many such transfuges, from Brunetto Latini to 
Frederic of Prussia. And that power of attraction is not spent. For 
anything except a sensational novel or a volume of sermons, French 
offers at least as good financial opportunities as English, a more inde- 
pendent and better trained body of critics, a more open-minded, more 
discriminating reading public. That is why, not only in the days of 
Chancer and in the days of Gibbon, but in this twentieth century of 
ours, so many foreign authors have adopted French as their vehicle. 
And not only critics and novelists, but poets—which supposes an ex- 
traordinary degree of familiarity with the language: Belgians of 'Teu- 
tonic origin, like Verhaeren, Macterlinck, Rodenbach; Rumanians, like 
Bolinteano, Hasden, Macedonsky, Stourdza, Helen Vacaresco; Greeks 
like Parodi and Papadiamantopoulos (Jean Moreas) ; the Cuban Jose- 
Maria de Heredia, perhaps the greatest of them all; English poets— 
Swinburne, Oscar Wilde, Mary Robinson (Mme. Darmesteter- 
Duclaux); finally trne-born Americans—Francis Viele-Griffin from 
Virginia, Stuart Merrill from Long Island, both doing excellent work: 


...d’en passe, et des meilleurs! 
Pour trois qui vous viendraient, il m’en viendrait soixante. 
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I do not mean to say that French is, or will be, in any but the 
vaguest sense of the term, the international language of literature. If 
a few writers may be led by the prospect of more rapid success, or merely 
for personal reasons, to serve under foreign colors, the majority will 
remain faithful to their mother tongue, great or small, for in it alone 
their best work can be done. A language spoken by five million men 
may be as good a literary medium as one used by a hundred and twenty 
million. Indeed, a Pole, for instance, might actually be better off than 
a Frenchman in many respects, for he would combine an intenser 
national feeling with a more cosmopolitan culture. It is possible not 
only to do good work in the so-called minor Janguages—most of which 
have a larger public than English in Shakespeare’s time—but also to 
conquer universal fame. Russian is little known beyond its frontiers, 
yet Tolstoy is everywhere admired. New York alone has a much larger 
population than Norway, but Clyde Fitch’s glory has not eclipsed 
Ibsen’s. Sienkiewicz’s country is dismembered, his language perse- 
cuted in Prussia and in Russia—and who has not read “ Quo Vadis” ? 
Mistral writes in a dialect, a patois, an artificial one at that, the com- 
bined work of the peasant and of the philologist; no one was surprised 
when the Nobel prize was awarded him. We do not sce any tendency 
to a concentration of languages analogous to the Marxian concentration 
of wealth. But if there were any signs of such a concentration, they 
would seem to be in favor of French rather than English. 

It seems therefore improbable that this tangled problem of inter- 
national speech will be solved automatically, by a natural process of 
selection. One alternative remains to be considered: a universal agree- 
ment. There is a growing spirit of cooperation among nations, and so 
the adoption of a world-language is becoming at the same time easier 
and more desirable as time goes on. Latin was universal when there 
was a Roman world, Imperial or Catholic; classical French was uni- 
versal when there was a “ classical Europe”; after a century of divi- 
sion, the world is recovering the consciousness of its unity. Let us 
hope that a conference will be called together, and a universal agreement 
arrived at; what, in an open competition of that sort, would be the 
chances of English ? 

I waive the argument from the present erratic spelling of English. 
Professor Brander Matthews is doing his best to reform it. Let us 
hope he will fully succeed, that is to say, that English will be altered 
beyond recognition. Perhaps the difficult sounds of the language, its 
weird consonants, its tripthongized vowels, might also be eliminated. 
The present chaotic state of English accentuation calls for urgent 
reform. <A “Simplified Pronunciation Board ” would help us out, by 
making it a misdemeanor to pronounce English otherwise than in the 
scientific, or German, way. After such thorough overhauling, English 
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would stand a little ahead of French, and not too far behind Spanish, 
Italian or German in the way of logic and simplicity. But all that 
trouble would be vain—a tremendous trouble, since it would oblige the 
Anglo-Saxon world to learn its language anew. The qualities of Eng- 
lish, not its defects, are the main obstacles to its adoption. 

The raciness of English is its glory and its bane. There is no more 
strongly individnalized language. On account of the very simplicity of 
its grammar, of its syntactical flexibility, it has more idioms, and is 
more puzzling to foreign minds, than either German or French. Eng- 
lish is an admirable tool, plain, strong and sharp, singularly dangerous 
in unskilled hands. 

The might of the English-speaking countries would be the next 
objection. The balance of power would seem to be destroyed in their 
favor. Germany could agree to the selection of Italian without loss of 
self-respect, or even to that of French, because there are, for the adop- 
tion of French, historical reasons which, at present, do not wound the 
susceptibilities even of the most sensitive nation. But to accept Eng- 
lish would be to acknowledge one’s own inferiority. The boastful tone 
of certain writers and orators, althongh that is fast becoming a thing of 
the past, greatly increases the moral force of this objection. 

Finally, the English-speaking race is progressive, but on its own 
traditional lines; its literature is deeply human, but intensely national 
in its expression. The abstract, analytical character of classical 
French, the effort to deseribe “ man in general,” and to discover truths 
of immediate and universal application, are lacking in English. To 
this fortunate lack, English literature owes much of its depth and fresh- 
ness, English thought its “ congruency with the unutterable,’ English 
political life its wise compromises, its freedom from revolutions and 
adventures. French is essentially international. Patriotism has in- 
spired French writers to compose admirable poems, and Chauvinism is, 
or used to be until quite recently, as rife in Paris as Jingoism in Lon- 
don. Yet the French language can be so completely dissociated from 
the French nation that the most abundant and the bitterest denuncia- 
tions of France are written in French. 

Once more, [ hold no brief for French. JI do not believe that it will 
ever be more fully recognized as international than it is at present. 
There are strong reasons in its favor, but none is decisive. And there 
are two great objections against it. It is the language of one of the 
world-powers, and international jealousy would prevent its adoption. 
Then its strongest claims are historical: but the new nations, America, 
Japan, quietly ignore European history. <A tradition is not a reason ; 
it loses all its virtue as soon as it is no longer respected. America 
refuses to be ruled by the shade of Louis ATV. We can not blame her. 
And J must say that, as a Frenchman, I do not regret it. 
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For our own experience in the eigthteenth century has taught us 
that universality is a mixed blessing, perhaps a curse in disguise. As 
everything must be saerificed to perspicuity and simplicity, there is a 
danger of enfeebling the language, of making it colorless. It breeds 
self-satisfaction, and, by making the study of other languages less use- 
ful, it favors ignorance and one-sidedness. For many years, the French 
smiled contemptuously at whatever was not French. They are at pres- 
ent reacting almost too vigorously against that tendency; let us hope 
that England and America will escape both these dangers. The as- 
sumption of superiority on the part of one language and therefore of 
one race, of one or two nations, causes jealousy, diffidence, hatred. 
France had to pay a heavy price for her once exalted position. She had 
to convince the world that she was not in any way a menace before sym- 
pathy would flow back to her. 

The present situation, with the curse of Babel still on our heads, is 
not, of course, Incompatible with progress, national and international. 
With the diffusion of the study of modern languages, with the multipli- 
cation of translations—some famous works have appeared simultane- 
ously in eleven tongues—with the growing international vocabulary of 
science, commerce and pleasure, the world feels more and more its 
essential unity. We can live and prosper without an international lan- 
guage: but, in the same way, we could have lived and prospered without 
the printing press, the railroads and the telegraph. 

The problem remains with us, baffling and entrancing. We all 
realize what a progress it would mean if all conventions, societies, pub- 
lications of world-wide scope, would adopt one world-wide language; if 
not diplomatists, scientists and scholars alone, but the business man, 
the social worker, the missionary, even the common laborer, had a 
simple, universal means of intercommunication. 

We have attempted to show that through neither conquest, natural 
development or international agreement had any living language a 
serious chance of being accepted as international. But is there no other 
solution? Are we not substituting, in every domain, order for chaos, 
science for tradition, the organizing will of man for the blind arrange- 
ments of fate’ Is it beyond the capacity of our scholars to select or in 
the last resort to devise, a perfectly neutral tongue? If French or 
English will not do, why not try Esperanto? 
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PERFECT FLOWERS IN MAIZE 


By PrROFEssSOoR E. G. MONTGOMERY 


Tr 


UNIVERSITY OF NEBRASKA 


fie THE PorvuLar Science Montuty of January, 1906, the author 
wrote a brief article entitled, “ What is an Ear of Corn,” presenting 


some observations on the occurrence of hermaphrodite flowers in maize ; 
this occurrence with other evidence indicating that maize had probably 
originated in some manner from a perfect flowered plant, while in all 
cultivated maize the flowers are strictly single, being either male or 


Fic. 1. f{ERMAPHRODITE 
FLOWER OF MAIZE (Zeu 
mays) showing structural 
features (reproduced from 
former article). 


hike reversion in types. 


female. However, a comparative study of 
male flowers (from the tassel) and female 
flowers (from the ear) showed analogous parts 
in both. The tassel flowers in the older 
stages, however, are borne in pairs, while the 
ear flowers are single, but a study of the 
embryonic ears showed the male flowers to be 
twinned at this stage, but as development took 
place one of these flowers became entirely 
abortive and only one fully developed. Per- 
fect flowers were also found in somewhat de- 
formed plants, which looked in many ways 
A study of the gross structure of the ear and 


tassel showed a close structural analogy between the ear (including cob) 


Fic. 2. Ears oF MAIZE BEARING PERFECT FLOWERS, These ears are quite young, 
i. e., just in blossom, The mature ears averaged about six inches in length. Prac- 
tically all ears of this strain came true to type. 
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Fig. 3. TE UNUSUAL TYPE OF PLANT, producing ears in Fig. 2, and which seem to 
be associated with the production of hermaphrodite flowers in maize. 


and the central spike of the tassel, and strong evidence was found in 
support of the theory that the ear was a development from the centras 
spike of the tassel borne on a lateral branch of the plant, the other 
branches of this tassel beeoming abortive. Good examples were found 
of ears, showing remnants of these lateral tassel branches, confirming 
the above statements. At that time the author had only observed the 
perfect flowers in the very voung stages of development and ou more or 
less deformed plants. Fig. 1 is reproduced from the article referred 
to, indicating the character of these flowers. 

Since then, types of corn showing this hermaphrodite flower on 
normal types of ears have been observed. Fig. 2 is an ilustration of 
such an car.t Some thirty plants of this were grown and all came true 

*The seed of this was secured from Mr, C. P. Hartley, Department of 


Agriculture, Washington, D. C., who discovered the plant as a reversion in one 
of his breeding plats. 
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Fig. 4. EAR of BooNE County WHite DENT Marze, with perfect flowers. The ear 
Was a very fine specimen, 


to type. The ear was about six to eight inches in length and of normal 
appearance, except that each seed had three fully developed stamens, 
arising from near the base. The plant, however, was very peetiliar in 
appearance, as shown in Fig. 3. The plants were about five feet in 
height, the stem short jointed, with broad leathery leaves, resembling 
tobaceo plants as much as corn plants. Professor Eimerson, of this sta- 
tion, has had hermaphrodite plants oceur in several of his eorn hybrids 
and in all cases they have had this peculiar type of foliage. If this type 
should be a reversion toward the primitive type it would be of great in- 
terest, since we have no grass plant at present having this appearance. 


Fire, 5.) CROSS-SECTION OF EAk In ic. 4, showing stamens at near base of kernels. 
Practically every kernel had three well-developed stamens. 
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Another most interesting ear of perfect flowers was found by 
chance in a lot of Boone Connty White Corn, secured from a prominent 
grower. This variety represents the Inghest development in modern 
improved corn. The ear in question was unusually large and well de- 
veloped, as shown by Fig. 4, the ear weighing about 16 ounces. Fig. 5 
is a cross-section of the same, showing the presence of stamens with 
every kernel. Fig. 6 is an enlaiged photograph showing both sides of 
one kernel. On the anterior side are shown three well-developed 
stamens. On the posterior side, at the very tip and practically em- 
bedded in the cob, are three small stamens. These are the last remnants 


Fic. 6. SiroWING BOTIE SIDES OF KERNEL, FROM Ear IN Fic, 4. Three well- 
developed stamens shown on posterior side. On the anterior side and embedded in 
the cob were three rudimentary stamens, remnants of the abortive tower. 


of the abortive flower, described in the former article referred to. This 
little abortive flower can only be fornd in the early embryonic stages of 
development, and usually all trace of its presence is lost except the ex- 
tra pair of glumes on the posterior side of the kernel. These little 
stamens, however, indicate that at one time it might have functioned 
and give us another clue to some of the evolutionary changes that this 
interesting plant may have gone through. 
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THE SOUNDS OF “CH” asp “J? 


By WINIFRED SCRIPTURE 


BRYN MAWR COLLEGE 


HE sounds “ch” and “3,” as in “church” and “judge,” have 
been represented, on the one hand, as being composed of two 
sounds, “t” or “d” with “sh” (in phonetic transcription ts and dz) 
and on the other as being single sounds (in phonetic transcription ¢ and 
J). Related to this is the question whether the Italian “c” and “g” 
before “i” or “e,” as in “cio” and “ gia,” are more like “ch” and 
“4” or like the two forms of “ sh.” 

Records of these sounds were made with a voice-recording apparatus 
(Fig. 1). This apparatus consists of a mouthpiece into which the 
words are spoken. The waves thus formed proceed down a tube to a 
rubber membrane at the end, making it vibrate. A straw lever is 
attached to the membrane with which it rises and falls in unison and so 
makes a record on a surface of smoked paper around a revolving 
cylinder. 

Records of typical pronunciations of “ch” and “j” enable us to 
settle their nature definitely. 


Fic. 1. RecorpING THE Vorcr. The waves from the mouth proceed down the 
wide tube to the rubber membrane at the end. The vibrations of the membrane are 
recorded by a straw lever on a surface of smuked paper around a revolving cylinder. 
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A record for “ Mitchell” is shown in Fig. 2. It begins with very 
faint vibrations for “1m”; thereupon follow strong vibrations for the 
vowel “1.~ The straight line after the vowel indicates a complete stop- 
page of breath, that is, the sound is an occlusive. After the occlusion 
the line rises at first gently and then strongly, as the result of the stop- 
page being ended and the air rushing out rapidly; this phenomenon is 
called an explosion, The sound at this point is therefore an occlusive 
with an explosion. This is the sound “ ch” which is indicated by the 
spelling “teh” in the word recorded. The word ends with strong 
vibrations for the vowel “ e” and fainter ones for “1.” 

A record of the word “ nut” by the same speaker is shown in Fig. 3. 
It begins with very faint vibrations for “n” followed by stronger ones 
for “u.” The straight line indicates the occlusion for the “t.” The 
strong sharp rise of the line indicates that the “t” ends with a sharp 
explosion. This explosion is quite different from the more gradual 
explosion of “ch” as shown in Fig. 2. 

A record of the word “nutshell” by the same speaker is shown in 
Fig. 4. Very faint vibrations for “n” are followed by stronger ones 
for “u.” The straight line indicating the occlusion of the “t” is fol- 
lowed by a very gradually rising line which remains for a time at quite 
a distance above the base line. This indicates that the occlusion of the 
“t” was not followed by an explosion, but by a continuous rush of air. 
This portion of the record is typical of the records for “ sh.” 

A record of final “ch” in the word “atch” is shown in Fig. 5, a 
record of initial “ch” in “chew” in Fig. 6. Records of “j” differ 
from those of “ch” in showing small vibrations during the occlusion 
and the explosion. These are due to the vibrations of the larynx which 
are present during “j** and not during “ch.” The “j” is said to be 
*sonant,” the “ch” to be “ surd.” 

These records and many others from the same person and from other 
persons (Americans) show clearly that the sounds “ch” and “j” con- 
sist of an occlusion with an explosion following it, that the explosion is 
more gradual than the explosion for “t” and “d,” and that the explo- 
sion is of quite a different character from the rush of air during “ sh.” 
The conclusion is unavoidable that “ch” and “j” are not compound 
sounds, but simple ocelusives with characteristic explosions. 

By coating the tongue with ultramarine just before speaking, “ch” 
or “j}” or by any of the other methods of palatography* a record of the 
contact of the tongue with the palate may be obtained. The regions of 
contaet for “ch” and “j” are found to be larger than those for “ t” 
and “ d.” 

The final conclusion is that “ch” (c) and “j” (3) are to be 
recognized as individual sounds quite distinet from the compound 
sounds “tsh” and * dsh.” 


1Seripture, ‘‘ Elements of Experimental Phonetics,’’ chapter AXXT. 
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Records by a native of Potenza, Italy, are shown in Figs. 7 and 8. 
The record of “ Mariuccia” begins with some very faint vibrations 
from the “m.” These are followed by stronger ones for the “a.” The 
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sudden jolts in the line are the record of the two flaps of the tongue for 
the “r™~; the small vibrations indicate that the “r” was sonant 
throughout (that is, that the larynx was in vibration throughout). 
Then follow the vibrations for “i” and the more open “u.” The sud- 
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Fic. 2. Recorp oF * Miterveuu.” The record for “ ch" shows an occlusion 
with an explosion of a special form. 


Fig. 3. Recorp or “Net.” The explosion for the ‘‘t’’ is different from 
that tor’ chine hig- "2. 


ore 
c 


Fic. 5. REcorD OF ‘‘ ATCH " SHOWING THE FINAL ‘cH. The end of the occlusion 
and the form of the explosion are like those of “ch” in Fig. 2. 


9 


Tia. 6. RECORD OF “ CHEW" SIIOWING INITIAL * CH. The explosion of 


“ch is the same as in Fig. 2. 


den descent of the line after ‘* u” indicates that this sound was cut 
short by some closure in the mouth, namely, by the tongue action for 
the sound “¢.” The line, however, docs not remain at zero, but rises 
gradually; this indicates a steady emission of breath and not a complete 
closure. The partial closure is finally released and the explosion is reg- 
istered in the sharp upward movement of the line. The sound “c” 
thus shows a sharp explosion like that of “ t ’ but an incomplete closure. 
The closure is much greater than that of “sh” and the emission of air 
is much smaller (Fig. 4). The Italian soft “c” is therefore not an 
explosive occlusive like “t” or even like Enghsh “ch”; it is not a 
fricative like “sh”; it might be termed a fricative with an explosion. 
At any rate it is a distinct sound not existing in English. 
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The record of “ adagio ” begins with vibrations for “a.” The first 
downward movement of the line corresponds to the sound “d”; this 
ends with a strong upward movement due to the explosion. Thereafter 
follow vibrations for the vowel “a.” The nearly straight piece of line 
with faint vibrations is the first part of the soft “g¢”5 it is almost but 
not quite an occlusion. Jt ends by the strong upward movement of the 
explosion. The record ends with the vowel vibrations of “0.” Other 
records from the same speaker show even less occlusion through the soft 
“ao.” We seem justified in concluding that soft “g,’ which is the 
sonant corresponding to soft “ec,” is, at least in this part of Italy, not 
identical with the English “ j.” 
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THE RELATIVE IMPORTANCE OF MENTAL PAIN 


By SMITH BAKER, M.D. 


UTICA, N. Y. 


T is everywhere thought beneficent and just to recognize the de- 
mands of physical pain, and to furnish prompt and effective 
means for its relief. Let there be but the least significant crick or 
colic, the dullest ache, the most transitory throb, and it is almost 
universally considered uncivilized not to try to give the sufferer relief 
from such an intrusion upon his sense of comfort and safety. 

When, however, we look at the other aspect of human suffering, 
the one that is much more closely intimate, and yet munch less evident 
to observers—the psychical, the mind-and-heart side of mortal suffering 
—we come upon the interesting if not startling discovery that there 
has been, and still is, comparatively speaking, by far less attention 
given to the truly exceptional needs of this kind of suffering than to 
those of physical derivation, even though so frequently these latter 
are of the lower order and of the lesser significance. 

Of course, it should not be inferred that the significance of mental 
pain has never been recognized, nor that useful attempts at ameliora- 
tion have never been made. Quite a proportion of the work of the 
sympathetic and other helping classes has ordinarily been and is now 
in some wav to comfort and encourage and otherwise mitigate and 
even cure, the mental distress of their fellows. Moreover, it can be 
joyfully conceded that the sick-room has always and everywhere been 
the scene of useful effort on the part of the more strictly professional 
classes, through sympathy and persuasion and cheering-up and every 
other sort of constructive and kindly attention, to relieve the sufferer 
from everything which might add mental distress to his physical 
ailment. All this has been worthy, most useful, even though as yet 
it may be counted chiefly as but a sort of foundation experience upon 
which real systems of relief shall be built, those which shall certainly 
be far more truly and widely successful than hap-hazard methods have 
hitherto proved. 

But granting all this to be true and as praiseworthy as useful, it 
still should not appear to be far-fetched or intrusive once more to 
invoke still further consideration of the relative importance of mental 
pain, or confidently to express the hope that in the very near future 
the extent and depths of this shall come to be by far more adequately 
recognized and appreciated: and that the art of preventing and ame- 
liorating this shall be considered as much a matter of simple duty, 


356 THE POPULAR SCIENCE MONTHLY 


as has been or will continue to be the art of preventing and relieving 
pain that is distinctively physical. 

Sut first, what is “mental pain.” or “ psychalgia,’ as it may 
better be called? What evidence have we that aside from some form 
of physical pain there is ever any such thing as “ psychalgia,” that is, 
something which can be more familiarly and supposably more clearly 
noted and described than heretofore, and consequently more satis- 
factorily dealt with? Jf present how are we to differentiate it, and 
thus be reasonably sure that we are not dealing with mere phantoms— 
something that is not fixable or definable, and not to be rationally 
handled in any way? 

Probably no one can truthfully say that there is such a thing as 
mental pain who has himself never suffered from it, and at times when 
physical pain or distress has not been present to such a degree as to 
obscure or complicate self-observation, beyond differentiation. For, no 
matter how dire the psychalgia in the latter case, the suspicion must 
arise that it was but merely a quale—quality—of the physical con- 
dition, and so not susceptible of being considered as a distinetive kind 
of suffering at all. To be this and to be worthy of consideration as 
a true psychalgia, it ought at least to be capable of being consciously 
remenibered as an experience by itself, dissociated somewhat clearly 
from every physical condition save that of general well-being, and in 
most cases, at least, of being referred back to certain causes, which, 
whether true or not, are consciously regarded by the sufferer as having 
been of distinetively mental origin. 

By way of attempt at elncidation of this requirement, Iet us consider 
instances where the psychalgia, imstead of being an exclusive experience, 
is apparently the direct consequence of personal shock and_ stress, 


and where primaiily there are various wide-spread physical changes, 
especially in the sphere of metabolism, all of which must be included 
in any truly scientific consideration of the subject. To the sufferer 
himself these physical changes are of Httle importance, except as they 
ere explained to Thin as possible sources of his mental distress. ‘To 
lim, it is his mind that is distressed, not his bedy: for the time being, 
all his regard is monopolized by his psychalgia, and if not told other- 
wise, he may not even suspect that anvthing but his mind is or ever 
will be affected hy the causal event. If he be introspective and at the 
same time analytic enough, he will chiefly or exclusively note that his 
mental horizon has become painfully restricted; that his ideation is 
being painfully overworked along some certain narrow Hines: that his 
emotions are all suffused with pain, even paradoxically when little 
or in nowlse disturbed: and that his outlook upon the future is simply 
too painful to he invited or prolonged. Tn fact, it becomes evident 
that all the pain which the sufferer experiences is referred to his mind 
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as something distinet from his body, and is there, and only there, to 
be met, handled and helped, if possible. “ Give me relief from this 
awfnl feeling of inadequacy—from the pain that accompanies every 
thought—from the dark that clouds all the future. Please do this, 
and I will be well,” is the erv: and to the sufferer this is all there is 
that can be described or helped. 

Of conrse, psychalgia may aceompany or succeed every form of 
physical distress imaginable: but even here, it is characterized by the 
very same consciousness of intellectual inadequacy and underrating, 
of emotional unrest instability and depression, as well as persistent 
vision of future blackness, as elsewhere: and has corresponding need 
to be regarded and dealt with, so far as possible, as distinetive from 
the physical distress present. 

With these leading characteristics of psvehalgia in mind, suppose, 
by way of still further helpful elucidation, we investigate and follow 
the course ordinarily taken by a ease of so-called “ tranmatic neurosis.” 
Here there are, especially at first, clearly outlined loealities in the 
organism whenee waves of purely physical distress emanate, whose 
origin can not be accurately referred except to their organic source. 
But in time these come to be associated with certain other waves of pain, 
whose localization is not so apparent, either to the sufferer or to the 
investigator. In fact, eventually a large proportion of the suffering of 
the patient is seen to consist in pains which have no locality ontside 
the selfhood that has been so direly and so deeply insulted by the in- 
jury. Often, too, because of supposed blundering on the part of his 
own self, or rebellion at “ fate” throngh consideration of his present 
predicament in connection with previous experiences, or of vengeance 
against the objective cause of his present trouble, or of fear of possible 
untoward consequences, or of changes in intellectual strength and 
acuteness, emotional tone, will-power, self-control or self-direction, 
there comes additionally an abiding, ever-deepening sense of degrada- 
tion, which eventnally enshrouds him in distress that seems as co- 
extensive as consciousness itself and as intense as imagination could 
possibly picture. Surely, if we have no means of absolutely differenti- 
ating the psyehical from the physical pain—the psychalgia from the 
neuralgia—we are nevertheless not precluded from recognizing such 
differences at the focal points of the two kinds of distress, as to lead us 
rightly to deny that these may possibly require very different kinds of 
estimation, for the highest good of the sufferer. In fact, while splints 
and plasters and lotions and doses may sneceed admirably in relieving 
the physical consequences of physical trauma, it should not be forgotten 
that the accompanying psychical tranma is of another order, and has 
very different needs, as to both estimation and remedy; and this, no 
matter how clear may be our notions as to the physical distress, or how 
this may contribute simultaneously to psychical distress, as well. 
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Or, take a case of developing melancholia, where again the physicak 
and the mental seem to vie with each other in the slide downward into 
abject misery. Here the defective metabolism, the choked secretory 
and excretory functions, the muscular weakness, and all the rest, are 
sufficient in a wav to explain the mental condition as represented by its 
own peculiar slowness, weakness and distress. But however much and 
clearly these may “ explain” to the observer, they most certainly do not 
constitute the pain which is really suffered—the morbid self-conscious- 
ness, the overwhelming depression, the fear of self-destruction, the 
dissociation from the rest of humanity—in fact, the poignant psy- 
chalgia, for which only personal experience can afford correct knowl- 
edge or provide the data for anything like a correct description. ‘To alk 
such, psychalgia is a definite, horrid fact, not to be mistaken for any 
other fact in the universe. 

Take again the perplexing development and especially the slow 
systematization of the inner experiences of the youthful hebephreniec, or 
paranoid. Beginning with scarcely recognized perversions of one or 
more sense functionings, or with weakening or perversion of the more 
elaborate perceptional or ideational activities, the victim duly comes to 
the point where everything persistently clusters about Is inner self, 
progressively to lead on to perplexity or danger or failure, with all the 
poignant mental distress that naturally belongs therewith: so great dis- 
tress in fact, that long before such a state of self-monopolizing is reached, 
there is a period during which mental pain is so predominant that often 
some sort of real physical pain may be welcomed as chiefly beneficent. 
Surely, no one can suppose that the weakness, the muddlings, the sus- 
picions, the fears, the antipathies and antagonisms, the imperative 
insistences and explosions of such an one, can be confounded with any 
sort of physical pain whatever. Here. as before, psychalgia is felt to 
he a fact, distinctive, dominating and determinative. 

This leads logically to the consideration of the by far largest group 
of psychalgias, those derived from the so-called “ border-land ” cases on 
the one hand, and from the great number of persons who in no ordi- 
nary sense are “cases ” at all, on the other. 

Almormal psychology has yet an imperative need to he studied as 
never before, and this notwithstanding the far-reaching revelations and 
suggestions of more recent investigators. In this undertaking, intro- 
spective psychology, prosecuted by the right kind of self-observers, can 
become of such profound use, that almost everything as yet discovered 
may turn ont to have been introductory, to say the most. Probably, 
ihere is no one who has been trained to properly look in upon himself, 
who does not have more or less frequent attacks of psychalgia so clearly 
defined, that were they accurately observed and recorded, a key would 
be furnished whereby not only the problem of his own morbidity could 


THE IMPORTANCE OF MENTAL PAIN 359 


be solved, but also a standard could be established whereto similar mor- 
bid experiences of others could be profitably compared. 

From cases of border-land psychalgia we often get descriptive phrases 
which throw light upon the intensity of the suffering, and leave no 
doubt as to its reality, as well. One of the most frequent of these 
phrases is, “ Oh, I am so lonely—(or fearful, or depressed, or weak, etc.) 
—this unceasing, day after day, year after year, loneliness—etc.” Here, 
as much as anything, for want of the simple instruction that as the 
“uniqueness ” of any given individual must always carry with it a 
fundamental detachment from every other individuality, so must neces- 
sarily a natural loneliness reside forever in the substratum of every 
one’s consciousness, and must normally or abnormally emerge only as 
endurable pathos, on the one hand, or as dire pain on the other, the 
sufferer necessarily goes on day by day accumulating a feeling of out- 
of-the-world-ness which in time gets to be so painful, that the all of 
life may and often does come to be subordinated to it, entirely beyond 
self-emancipation. Surely, it were not humane, to say nothing of its 
not being good sense, or scientific, simply to ignore or scout the evi- 
dence of, or to jeer at, or malign, or to continue to misunderstand the 
distinctive importance of such a condition of suffering as this. 

Again, there is the expression, “ Just show me how I can have a 
little bit of happiness, even for an hour, and I’ll bless you as never 
before,” and all the changes rung on this, everywhere and everywhen. 
For purposes of truth it must be conceded that a reasonable amount of 
frequently recurring happiness together with the ever-present feeling 
that such experiences are truly prophetic of the future, is simply a basic 
necessity to the perpetuity of a reasonable state of well-being; and this 
in spite of Carlyle’s demand: “ By what act of Parliament was it decreed 
that Thou shouldst be Happy?” The simple fact is, that all energizing, 
all hoping, all accomplishing which does not have an inspiring element 
of happiness in more or less conscious suffusion, is not satisfactory, but 
the reverse; and this, notwithstanding so much seems directly to the 
contrary. Happiness of some kind—positively ecstatic, mildly expect- 
ant, a glowing interest, realistic energizing, comforting self-conscious- 
ness, Vision of growing possessions, personal ease, enlargement of the 
family circle, faith that sees heavenly things—happiness of some kind, 
is the motive force of human life: and once let the enjoyable self-tone 
be lowered unduly for any length of time, or its rightful possessor be 
too frequently or too permanently cheated or denied, and he ceases at 
just this point to be fully what he ought to be either by divine right 
or by natural law. And the consciousness of all such cessation of full- 
well-being—how many degrees of psychalgia are included therein! And 
how wide-spread too is just this same consciousness of every other form 
of unhappiness, with never a respite, and with no encouraging prospect. 
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And then, there is “ disappointment “—in love, in business, in 
politics, m health, in preparation for life, in chnreh affiliation, in 
children ; disappointment in man’s sense of honor, in woman’s high soul, 
in the constancy of friends, in all ambitious prospects—for which we so 
glibly say, “show thyself a man,” or “wait patiently on the Lord ”’— 
and think that we have said it all; and so we probably have, until we, in 
turn, direfully find ourselves learning very differently, through what 
our would-be friends call just our “own doing.” Then, how different 
does pooh-poohed disappointment seem; how revelational, too, in that 
now we can see how others did actually suffer while we were regarding 
them as merely “ weak ” and consequently as but “ poor things,” at best. 
Nor does it matter really, if “one has brought it all on one’s self’; 
indeed, all the more should we see how much does this but add to his 
distress, and how much does it have to do in prolonging and deepening 
this indefinitely ; indeed, until it may most unexpectedly result in such 
permanent registerings, as may quite absolutely unfit him for any 
further useful accomplishment in life. For, first and last and all the 
time, it must be remembered that the outcome of psychalgia, unless 
acting upon exceptional constitutions, is unfitness for even the common- 
places of life. Of course, the exceptionally endowed individuality reacts 
differently, at least for a time, and for the most part, constructively ; 
but the common cry of the victim of mental pain is, “TI no longer can 
do as I once could; ’m not really fit for anything now”; and his sub- 
sequent life is apt only too conclusively to prove the correctness of his 
ery, and the predictive fear which accompanies it. 

Morbid “ self-eonseiousness,” too,—how wide, vagne, mysterious is 
this, yet how fearfully painful, especially when subject to misnnder- 
standing, neglect, or brutality. Shall any one say that here is something 
that is not a source distinctively of the most interfering if not destrue- 
tive kind of psychalgia? Try to get a definite appreciation of the flashy 
personal commotions, the wide-spread vaso-motor reactions, the stage- 
fright, the unaccountable antipathies and fears and obfuscations and 
general overwhelinings, that such a one suffers from: try to get a 
clear vision of all the futile efforts of intellect and feeling and will to 
ward off and overcome these: try to get a fellow-feeling of all that this 
means to the personality which would be something and do something 
and fee] something like other people; and then see if it be possible to 
regard mental pain as less significant than physical pain, either dis- 
tinctly, or side by side. Certainly, no one who has never suffered the 
pangs of morbid self-consciousness shonld stupidly deny their existence ; 
for there are many, many people who go through life virtually conscious 
of nothmg else, in any vividly continuing sense. With every glimpse of 
their own bodies, with every movement, with every contact with others, 


with every thought of planning or doing anything, with all their hopes 
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and realizations, there is such a tormenting intrusion of painful self- 
hood upon consciousness, that a desperate fight for place and favor, or 
even for existence, is always on, and the issue seldom if ever comfort- 
ably assured. Such people, in no sense technically “insane,” are yet 
so burdened with a veritable soul-pain, that it is only a “kind provi- 
dence ” which for the time being keeps them from becoming unbalanced 
—a providence, however, which may yet some time call very loudly to 
any one who happens to be at hand, to come to its help against this 
“mighty ” scourge, and all the indecisive conflicts which are part and 
parcel of it. 

Undertaking now a yet closer study of this widely prevailing sickness 
of soul, expressed in so many morbid variations of consciousness, it does 
not take long to come upon the truth that probably the greater propor- 
tion of these cases are primarily owing to the fact that the personality 
itself has never from the first been properly harmonized, that is, has 
never become thoronghly enough blended in the course of its develop- 
ment to avoid remaining other than a veritable storm-center of all the 
ragings of emotion and ideation and volition, which are here as incaleu- 
lable as they are pain-producing. Whether this unblending is due to 
such disparities and tendencies in the several ancestral lines as do not 
admit of continuously close relationship and coordination, even in 
distinct individuals, or whether the course of “ bringing-up ” from birth 
onward has been such as never to overcome the natural heterogeneity of 
the personal elements, probably common to the genesis of every human 
being, does not matter. The outcome, a heterogeneous or imperfectly 
blended or ununified personality, may almost everywhere be discovered 
as constituting at least a very natural soil in which rank psychalgias may 
easily generate and grow and forever plague and choke the possessor 
quite beyond description. ‘To stand on the brink of a seething surging 
crater, whose sulphurous fumes never cease to stifle, and whose erup- 
tions are always immanent and frequently realized, might afford some 
sort of parallel to the position occupied by some of the more deeply 
afflicted of these cases; only, the man by the crater might possibly 
recede from his danger at will; while no Prometheus was ever chained 
more absolutely beyond self-help to his Caucasian rock, or was more 
horribly subject to tormenting insults both from without and from 
within, than is the one who finds himself inseparable from the miseries 
of the species of psvchalgia that are chiefly due to heterogeneity, or to 
this in combination with all the imperfections of our natural growth 
and conventional breeding. 


*See Smith Baker, article ‘‘ Heterogeneous Personality,’’ in the Journal 
of Nervous and Mental Disease for September, 18935 also article ‘‘Causes and 
Prevention of Insanity’’ in THE POPULAR SCIENCE MONTHLY for May, 1899; 
also William James, in ‘‘ Varieties of Religious Experience,’’ p. 169, 
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Speaking of “soul-sickness,” brings to mind the subject of “ reli- 
gion” in all its bearing upon the consciousness of well-being or ill- 
being, and the profound interest, comparable to the acknowledged 
importanee of the subject, thus insured. Formerly, certain classes of 
people at some particular times in their lives would come more or less 
unexpectedly to a more or less vivid and painful view of their sinful 
selves; then, perhaps for a longer or shorter period, would go through 
a series of spasms and stresses of conviction and renunciation and 
pleading and aspiration ; but would in time * come out” of it all so vie- 
toriously, that usually forever after God was felt to be so good and so 
near that “ salvation ” and the “ joy in the Lord ” thereof were more or 
less fully assured forevermore. Along with these fortunately “ con- 
verted ” people, still other classes also have quite naturally experienced 
such a sufficient “ assurance” of their “ call,” that they have quite un- 
interruptedly found ample solace for their untoward depression and ap- 
prehension, whenever needed. ‘Thus, heretofore, many people have actu- 
ally found, that when attacks of mental pain came on, they could go 
unreservedly to the “ fount of all merey ” and find what to theniselves, 
at least, was satisfactory relief. Indeed, whatever criticism may be jus- 
tifiable with respect to religious dogmas and institutions, it certainly is 
not wise to forget that the human personality everywhere has recognized 
and does still recognize a supreme worth in its religious consciousness, 
and has found and still finds its profounder weal or woe in the spirit of 
religion and the practical exercises inspired by this. Woe indeed is it 
when religions fears and apprehensions and the general gloom arising 
from an abiding sense of detachment and loss, comes to pervade all the 
soul-life and simultaneously sees no or little relief. Joy indeed, too, 
when relief does come, or when the general religious temperament or 
atmosphere or experience begets the “ joy that abides,” in true realization 
of the Souree that is Infinite! It does not do for even the most elear- 
sighted materialist any more than it does for the most devoted meta- 
physician, to forget that this deepest-sounding and farthest-reaching of 
all vital experiences may through mental or other pain come to be but 
a mere travesty of the real life, or that such abject misery and this only 
may irretrievably “damn” the subject long before the pains of future 
perdition are possible. “ Hell on earth” is not a fignre of speech to 
very many people; it expresses exactly the sufferings of those who are 
the victims of the sort of psyehalgia which is owing to perversions and 
failure in their religious life. 

A concrete case of associated mental and physical distress, occasioned 
by a succession of experiences certainly not very common, will serve to 
make plain not only the comparative significance of the more intimate 
kind of experience, in a way that can not be mistaken, but also somewhat 
to elucidate the blundering and inefficieney to which sufferers of psy- 
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chalgia are, let us hope unwittingly, everywhere subjected, chiefly be- 
eause of failure to recognize its distinetive characteristics and needs. 

The lady had reached middle life before anything other than un- 
realized motherhood had noticeably hindered or marred her fortunes. 
Then domestic troubles, loss of property, major operations came to 
shoek and strain her in quick suecession; but even these had she sur- 
mounted bravely and suecessfully; only, however, to develop in time the 
insidiously undermining of muscular control and all that goes with it, 
known as “ Parkinson’s disease.” After this had reached an observable 
stage, it was evident that she had before her, not alone many long years 
of suffering from her tired painful ever-pulling museles, for which there 
was no known cure, but hkewise an ever-increasing danger from 
intereurring diseases and aecidents, which could only be averted by 
constant care. But worse, mueh worse than all this, there was the 
horrible prospect that through it al] her intellect was to remain as clear 
and the sensibilities as keen as ever, and that until the very last she must 
necessarily be the cruelly enforced observer of the entire course of most 
fiendish progressive physical deeline. In faet, pain of body and pain 
of mind were to be in elosest concomitanee throughout. Already she 
had been partially apprised of the nature and cause of her disease; yet 
had evidently allowed herself to expeet a more or less positive denial of 
this. But the facts were unquestionably against every view save that of 
unqualified aflirmation—to be softened, however, as mueh as intelligent 
sympathy, general hopefulness, and patient care could make possible. 
Especially was it thought additionally desirable to endeavor to instruct 
and eneourage her in the art of keeping her mind as rightly oecupied on 
matters outside herself as possible; and also by suggesting a variety of 
means for combating the awful waves of depression and despair whieh 
had already begun to pass over her battered feelings and were sure to 
come with increased force, later on. After a month or so of this, during 
which time she had gradually become more fully aequatmted with the 
true nature of the fight that was before her, as well as with a number of 
really useful measures for temporary relief of changing symptoms, 
especially those evidencing the “ sick-soul ” whieh would undoubtedly 
be the ground of some of the most poignant of her sufferings, she 
seemed vastly better prepared for her prospective ordeal, in that she had 
seemingly coneeived and adopted the large and comforting assuranee, 
that come what would, she would “ make the best of it,” and persistently 
remain all she possibly could be to the relatives and friends in whose 
eircle she was to live. 

Soon after this, however, she fell in with a member of a coterie of 
“ faith curists,” who assured her that she had no need to go through all 
that had been hinted, if not predicted, but could most certainly be 
“eured ” simply by prayer, if only she would allow them to take her 
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in hand. Doomed as she otherwise rightly thought herself to be, one can 
not very consistently blame her for avidly grasping at the promised 
salvation, given with such assurance, even if from no matter how really 
unknowing a source. Submitting both honestly and unreservedly to the 
efforts of the “ prayer circle,” she seemed to “ get better from the first,” 
and, some two months later, it was noted that she could actually carry 
herself with somewhat better step, with a brighter face, and most of all, 
with the absolutely unembarrassed confidence that “before long she would 
be entirely well”; for “ God can do anything, as you see.” One could 
not be entirely dishonest in feeling much of the gladness with which she 
was congratulated upon her improvement, or in expressing the hope that 
this would continue indefinitely; yet, within, one could not help antici- 
pating none the less clearly the fateful day of abject sadness and despair 
which would surely come to her, when she had all too pathetically found 
herself disillusioned and her physical disease quite perceptibly advanced, 
as well. One could indeed feel glad that she had had this much respite 
from her mental distress; but when one thought upon what ignorance 
of the facts, upon what fanciful assurances, upon what perversion of 
the highest offices of even present-day possibilities, her temporary 
release from suffering had been founded, one at least wondered if the 
temporary “‘ gain ” would in the long run be worth the irretrievable loss 
of confidence, true faith, and reasonable hope that was sure to ensue. 
Better, it seemed, that she should have patiently continued from the first 
without deviation in the persistent course of mind and soul cultivation 
and strengthening which had been marked out, or better still which 
might have been marked out, had some one more capable been her 
adviser, than to have experienced a but specious exaltation for a season, 
only to fall into the direst slough of despond, suspicion, digust and 
what-not, as she in due season must and did. From this awful jolt in 
her mental life she had better have been saved, so it seems even yet. 
Although what a thought significantly follows; if only she could have 
been given the comfort without such a train of miserable consequence ! 

After spending several weeks or months with this sort of people, 
and, more consequentially, after having given them all her little savings 
as well, and then found them mostly “ uninterested ” afterwards, she 
returned to her home where for more than seven years she divided the 
slow days and tortured nights between all the horrors of the deceived, 
g, on the one hand, and the bravest en- 
deayvors imaginable to endure patiently everything, and likewise not to 
hecome too rebellions against God and humanity, on the other. And 
during this period what a transformation physically, was hers. Slowly, 
step by step, ordinary communieation with every one came to be cut off; 
while all their sayings, doings, feelings and entire lives vet remained as 
patent to her as before. Then eventually came the hour when not a 
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smile, nor a finger clasp, nor a svllable could she give, in token of her 
recognition of the life about her. For a couple of years or longer the 
only expression possible was through her clear eyes, which always 
seemed to be automatically trying their best to tell how truly their owner 
responded, really if not voluntarily, to every effort to communicate with 
or to help or sustain her imprisoned spirit. Once in a while an explo- 
sion of meaningless laughter, so unlike the laughter of her former self, 
would startle one with its unexpectedness as well as quality, but would 
carry little or no meaning, as only exceptionally would there be any 
such response to the pleasantries (which it was remembered she 
formerly rejoiced in) as would suggest that impression and expression 
had remained very closely associable. Indeed, it was obvious enough 
that she had now become only a bundle of impressionable tissues, organs 
and centers, never so keen as now, never so liable to insult, never so 
pitiable; stmply—was now practically helpless in body—yet absolutely 
as active in mind as ever. Not disembodied, but body-burdened, was 
her soul to continue through all these months, to see on, hear on, taste 
on, feel on, think on, hope or fear on, rebel or acquiesce on, love or hate 
on—but always to be increasingly conscious of the body that was dying, 
dying, yet ever alive to ache, to hinder, to endanger! With Dante how 
truly could she have said, 


I did not die and I alive remained not. 


Yet, to those who were closely about her, to the great world that but 
little more than heard about her, even to those who were under obliga- 
tion to interpret as truthfully as possible, it may be doubted if any one 
ever got more than an inkling of the great mental anguish or even 
physical distress suffered by her, until she herself as pathetically as 
surely made it known. Assuredly, the manner and speech and life of the 
household and neighborhood did not evince much beyond commonplace 
understanding sympathy and effort. And as the most interested 
may now look back upon his own thought and care of her, how paltry, 
too, how inefficient, how bungling, compared with what it ought to have 
been or might have been, does it all now seem! 

And so all had waited until, in spite of everything—in spite of the 
greatly augmented sensitiveness of impression, in spite of the locked-up 
systems of expression, in spite of slowly entombing fate, in spite of inner 
travail, pain and unhappiness—had waited until this most pathetic 
sufferer conceived and perseveringly gave to the world, what probably is 
absolutely unique in letters, and better than this, even, something whieh 
may possibly be so pondered by all who have to do with human suffering 
of any sort of the locked-in kind, that to the end of time the human 
heart universal shall be the better for her effort. 

Tmagine her then with but the slightest power of denoting her 
wishes, and this with uncountable bunglings and failures, sitting at her 
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table, perhaps tied in her chair, with a series of baby alphabet-blocks 
before her. Her attendant opposite tries to make out what is wanted. 
Over and over again nothing is determined. Then it slowly dawns that 
she hopes to use these blocks to make known her wishes. Then, again, 
after weeks of trial, it is learned that she wishes to write a letter. But 
what a task is before her and her interpreter. Evidently, as it is not 
a commonplace communication that she wishes to make, the ordinary 
words and phrases must easily fail. But how difficult to be sure when 
the right Jetter or word or phrase is reached ; even ber simplest thoughts 
and feelings, to say nothing of the great determination in some way to 
succeed in more complicated expression, is so Impossible. But slowly, 
with patience that should be crowned by all the Academies—slowly one 
by one, letters, words, phrases, sentences, even unto as many as eight 
note pages, and requiring as many as two full years or more to do it, was 
the precious revealing letter evolved—to be read in two minutes, to be 
forgotten—never! <A letter so infime, so exceptional, so precious, that 
as a voice from the tomb did it come; as an appeal from the innermost 
soul of humanity, should it be received. 

Nothing but the dire, infinite needs of the suffering soul of 
humanity’s very self could justify the publication of such a eommunica- 
tion: yet the justification is complete, when once we think of all the 
many selves that are everywhere suffering, if not from living entomb- 
ments, then from death-in-life psychalgias, which if not physical are yet 
not the less horrible, and have similarly day by day through all time so 
absolutely to feel the great need of accurate recognition and efficient 
ministering. 

Beginning our use of this letter at about its third page, she says, 
“ While I look at the ceiling I see beyond and live in a world of thought 
and imagination. I take journeys, make visits, write letters—am like 
a live spirit in a dead body. Though I seem to be dead and irresponsive, 
I feel as if I were made on the principle of a toy jumping-jack, with 
some one pulling the string, holding my head back and month open. I 
must be a repulsive-looking object,” she continues. “ I must look hke a 
fool, anyway.”’ To one who had known her even when but partially well, 
and had noted her most delicately feminine appearance and ways, it is 
only too clear that observation of the successive steps of her progressive 
physical degradation was not among the least of the sonrces of her 
mental distress. “ My throat and mouth are in dreadful condition. . 
My tongue refuses to work. My teeth all seem to be dymg like the rest 
of my body. My tongue has grown short, I can hardly get it outside my 
mouth.” No wonder that her next words are these: “ J suppose books 
tell you these things I snffer and endure, but that little innocent word 
‘helpless? must be lived to know its neaning and misery. Add speech- 
less, and the trifles of daily living beeome mountains of trial.” And now 
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hear the deeper revelation: “ One is misjudged,” she says, “ misunder- 
stood, called unreasonable, when, if I could explain, it would be the other 
fellow.’ And how full of suggestion for all: “This life of inaction 
and repression is full of misery. It is only with the thought of putting 
yourself in her place, ean one get any idea of the awfulness of living in 
a body that refuses to do anything for you.” Ah! that thought of 
putting yourself in her—in any one’s place. What a field of enlighten- 
ing, constructive imagination is here, always. “I never dreamed of 
such a combination of conditions and circumstances of physical suffer- 
ing for one to endure,” she continues. Nor was the mere fact of personal 
suffering all; for she so regretfully adds, “I drink my cup of poison 
every day, and give a portion to every one around. It is awful to live 
and be such a disagreeable burden. I am like a lead sinker around— 
{her husband’s] neck. It would be easier if I felt sick and weak; but I 
feel all the springs of life and energy to be and do.” And how the reali- 
zation of soul-body anguish deepens as one reads further ; “ People think 
I am comfortable when I am quiet; but I can not be anything else. I 
can not move an inch, no matter how cramped I am, or how things hurt. 
My suffering is constant and its name is legion.” Yet, in spite of all 
this, note how characteristically it was to be added to: “ Father [her 
father-in-law, a fine old man who had constantly, lovingly cared for her 
all the days, for years] has gone home [1. e., died] and left me adrift on 
a sea of helplessness and silence. I suffer for want of him every day. 
He had grown into knowing my needs as no one else could. He was hand, 
feet and tongue for me. It was a sore trial to him, but he was ever 
sweet and patient. He filled a large place in the house, and it seems 
very empty without him. His was unquestioning trust, child-like faith, 
and so free from criticism of others. He was a lesson to us all. Oh, we 
felt so sure to trust him.” Jlow satisfactory in every way, that so much 
of this letter is devoted to such an appropriate tribute to devoted effi- 
ciency and kindliness. ‘ When you were here in May you asked me to 
write you a letter. I wanted to tell you there was one in the mill, but 
that it grinds slowly.” This was probably two years or longer before 
surprise at receiving it came. Going back to an earlier portion of the 
letter, written probably about the time of the asking for it, she says: “I 
dread spring and summer. If every day were a zero-blizzard, conditions 
would be easier to bear. When all the world is alive and stirring, it is 
harder to hibernate. In my corner, tied hand and foot and tongue, I 
am like a rat in a trap—the only thing left to do is to squeal ”—a 
pathetie bit of the native humor which when she was well had ever 
irradiated her whole life. 

Finally, to show how clearly appreciative she was, how inwardly re- 
sponsive to even such poor desultory effort as was doled out (too often 
when most convenient, one fears), and especially to suggest how if a 
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system of recognition and care more intelligent, much more devoted 
had been employed, so much more good could have been done, let the 
conventional veil of sacred personality be removed from the very begin- 
nings of the letter, and thus complete the picture as contained in its 
entirety: “I can only thank you,” she begins, “for all your generous 
thoughts and deeds.” Carlyvle’s remorse at his meager treatment of his 
“poor Jeanie” comes deprecatingly to mind as one now reads this 
again. “ You are say-well and do-well bound in one frame.”—What 
one ought to have been and done, rather. “ Your Christmas book 
came; it was full of words of comfort. I have written to you in 
thought many times; it requires heroie effort to make it real. The 
lovely flowers spoke of you many days after you were here. It will soon 
be time to think of your coming again—always good to see you, and 
have your presence.” 

Unquestionably this is too persona] to be published except for one 
reason—the immeasurable reason for calling attention anew, and with 
all the emphasis possible, to the need of a more universal recognition 
of the thickly peopled realm of psvchalgia—the mentally anguished, the 
sick-of-soul—as well as to the never-lessening need there is of finding 
ways and means for more successful amelioration of such suffering, 
and of applying these with an efficiency heretofore unattempted. How 
often has one in the presence of this unique sufferer, as has been the 
case In the presence of many another Jess distinctive, felt an utter un- 
preparedness for rendering the relief which instinctively one has felt 
to be needed. Yet note how she understood, magnified and appreciated 
what little one did attempt. Could one have been intelligent enough, 
skillful enough, sympathetic enough, and could those in more immedi- 
ate association with her have been similarly endowed and_ prepared, 
what indeed might not have been done to relieve, if not the bodily suf- 
fering then the mind and heart suffering, which was ever so present and 
so insulting. 
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Wi THE PopuLar ScreNcE Montury for June, 1907, Professor 
“ Alexander Hill, the master of Downing College, Cambridge, con- 
tributed an entertaining article on “The Acquisition of Language and 
its Relation to Thought.” What he had to say about the proved value 
of the study of Greek and Latin sounds like a brief for the classics, and 
ought to be more valuable as testimony than the arguments of any 
professed classicist. It is thus that Presbyterians who value tradition 
are fond of quoting Dean Stanley's admission of the priority of their 
system of church government. So I am fond of quoting one of my 
candid colleagues of the anti-classical battalions, who admits that much 
first-year laboratory work in science is as valuable, educationally speak- 
ing, as dish-washing. But, after all, the conclusions of Mr. Hill’s essay 
lead away from the classics, at least as a medium of general education ; 
and his generous admissions of their tried worth as instruments of 
training might, though unfairly, I think, be construed as the sort of 
admission a skillful debater, flushed with anticipated victory, will 
make of the strong points of his opponent’s case; not to provoke a 
verdict for his adversary, but to gain credit for fairness on his own 
part. 

A magazine article has some of the limitations of a sermon, due to 
the special advantage that it either never gets answered, or the answer 
must be addressed to different readers: even if it reaches the same 
public, no real debate results after long lapses of time. But an essay 
so stimulative and provocative as Professor Hill’s calls for comment, 
and in the main rather for approval than for contradiction. There is 
instruction in it, too, for classicists, which a classicist may do well to 
urge on his fellows. There are observations to challenge, because they 
seem mistaken, and it may be well to point out that Mr. Hill’s conclu- 
sion is a recommendation of change, to see what the result of change 
may be: it is not a consequence drawn from the observations of fact 
that went before it. 

In the comment I am about to make, where considerations of space 
do not admit of full quotation, J shall do my best fairly to state the 
purport of Professor Hill’s remarks, if for no other reason, for the 
sense of personal obligation I feel toward him for his pleasing and 
instructive “ Introduction to Science ” in the series of Temple Primers. 
But I make free, by virtue, perhaps, of the classicist’s hysteron proteron, 
to rearrange the order of the original argument, even by transposing 
sentences from their own paragraphs, the which aim at no formal logical 
development. 
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I. On the Part of Language in Education. 

Language ought to occupy a predominant position in school life. 
Il. The Classics in Language Training. 

The mind-making property of the classics has been established beyond all 
doubt by innumerable experiments made upon juvenile minds of all types. It 
does not appear to me that, in the face of this mass of accumulated evidence, 
it can be regarded as a question open to dispute. 

WI. Lhe Classics vs. the Modern System. 

The essential difference between the classical and the modern system is the 
difference between training and teaching. A classical education is practically a 
training pure and simple: a modern education is a combination of training and 
teaching with mainly a teaching aim, ... Like most other questions, there is no 
absolute distinction between the two systems—their difference is a matter of 
degree. 

IV. The Classics still Promise the best Training for the Professions. 
V. The Classics not suited to Commercial Training. 

On this point I would make the obvious comment that the prepara- 
tion for commerce, business and the trades, formerly entrusted to the 
apprentice system, has now been systematized through the “ business 
college” and is being taken up in the omniwm gatherum of the state 
university. So the “engineer” now gets his practical experience in 
the form of laboratory work at a technical school—but must often go 
over it again in the shops when he leaves the school. However much 
the classics might clarify the judgment and purge the taste of such 
students, it may well be that the classics have no closer claim upon them 
than when they were trained under the apprentice system. But sincere 
reflection wonld, I feel sure, persuade the most radical that classical 
study includes what is, for young people, the best training element in 
scientific study, viz., the accurate observation of phenomena, and the 
analysis and synthesis of the language crystal is a sort of crystallography 
of thonght, with a subject matter intensely human. Students of my 
own who have gone over to the practical side have had no sort of doubt, 
that they carried with them minds trained for the apprehension and 
combination of phenomena. 

VI. Substitutes for the Classics. 

After all his generous recognition of the tried educative value of the 
classics Professor Hill concludes : 

{I have but one explanation. It was the rebound on to English which the 
classical drill produced. We were ceaselessly searching the pages of the dic- 
tionary. We were learning new words. We were studying English syntax. 

These be fine words. We must admire them for their style, and we 
may fancy that this style is due to the classical study to which Professor 
Till pleads guilty in his youth. Far from mimimizing the force in these 
words we may as well admit that they contam truth, but is it the 
whole truth? Many persons have learned to write English without 
having studied any foreign language and without having stndied Eng- 
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lish, even, in any way worthy the name. But school systems are not 
devised for such as these. Speaking generally, the English stylists have 
caught their trick from their classical studies, as Calverley’s matchless 
versification has been attributed to his rigid training in classical verse- 
making. On the other hand, the lucidity of French prose, the stylistic 
excellence of which none but the French ever seem disposed to question, 
is supposed to be due to the direct study of their native tongue. A 
writer in The Atheneum,’ put it this way: 

As our best English writers have learned how to write clear and accurate 
English from their long training in the subtleties of Greek and Latin grammar, 
so the French have attained their skill through the scientific teaching of their 
native tongue. 

Certainly there can be small question that Quintilian’s system of 
teaching, which laid stress on the mother tongue, failed not to teach 
the art of clear writing. But, given a method so thorongh and detailed, 
one can not imagine his pupils to have saved any time as compared 
with Cicero, who attributed his attainment of style to his translations 
from and into Greek. Still, the Greeks, like the French, learned to 
write by studying their own language—which proves nothing against 
the value of discipline in a foreign language, for they also got their 
edneation without any substantial drill in mathematics. 

Yet, after conceding much of what is claimed for the possible suffi- 
ciency of a modern language or the native tongue to mect the boy’s need 
of language drill, it remains an open question whether, in giving wp the 
classics, the loss in thoroughness and in interest might not exceed the 
supposed gain in time. There are two points we must not overlook, the 
value of the finger in the dictionary—twice emphasized by Professor 
Hill—and the great syntactical variety of the classics. These values, 
and particularly the first, ean hardly be overestimated. In seeking to 
realize their peculiar part in classical study, we can do no better than 
begin with Professor Hill’s own happy figure in which the Greek 
chorus is represented as a puzzle which the student has to rearrange into 
English. This accords with a favorite illustration of my own, which I 
point with Lewis Carroll’s familiar line: 


He set them conundrums to guess. 


In the puzzle lies a strong element of human interest. In my 
boyhood J used to notice how some puzzle of fox and goose and corn 
would set half a village to work to get them carried by twos across a 
stream—so stringless is puzzleland—without one animal or the other 
being left free to devour its natural food. A simple arithmetical catch 
would exercise the idlers at a cross-roads store for hours. Let us insist 
upon the human interest and the educational value of the puzzle and 
the riddle, and if my simple illustrations drawn from modern experience 
do not suffice to carry conviction, a pretty paper on “ Riddles” in 


October 13, 1900, p. 473. 
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Mr. 8. Baring-Gould’s “Strange Survivals ” will furnish better ones. 
Nor can we put his essay by without having been brought to think of 
how Carlyle was fain to ring the changes on the cunning of the king. 

In the stndy of Greek and Latin we are confronted with language 
puzzles of the very best. ‘Their solutions are in the reaching difficult, 
but when reached mevitable and convincing; and I do not hesitate to 
say that the means for reaching them are the best adapted to the end 
of any means now in existence. This means much. The natural boy 
likes a puzzle. He is rarely unwilling to work it out to a convincing 
solution. He does not shirk diffieulties, but he wants to be sure of his 
conclusion. With a limited supply of books at his command, he can 
be more sure of his conclusions for the classics than for any other 
language puzzle whatever. To take the case of Latin, it is probable, in 
view of the narrow range of school authors, that a boy’s Latin grammar 
more nearly accounts for his every possible difficulty, whether of form 
or construction, than does the grammar of any modern language. Such 
complete codification of usage as he commands in his Latin lexicon can 
never be anticipated, so far as I can see, for any modern language. 
Certainly no dictionary of equal convenience in the using ean compare 
as an instrument of precision with the lexicon of Lewis and Short. Let 
me confess that the first fact that gave me the temper of the student 
was the discovery that I could find in Andrews’s “ Latin Dictionary,” 
the inferior predecessor of the one mentioned, nearly every puzzling 
passage explained; and for some reason the condensed explanation of 
the lexicon by citation of parallel passages convinced and interested me 
more than any possible translation by an indulgent annotater. J sup- 
pose, to use one of Professor Hill’s own figures, | more enjoyed my own 
plecing-up of the mosaic. A note seemed “telling ” and I did not like 
to be told. 

I keep within the bounds of truth and soberness, I think, speaking 
not as an enthusiast for the classies, when I assert that the modern- 
language puzzle can never be as diffieult as the Greek, and more par- 
ticularly the Latin puzzle. The reason for this, granting its truth, is 
not altogether apparent to me. The secret of the diffienlty does not He, 
I am persuaded, in the synthetic character of Latin. It does not rest 
primarily in the greater difficulty of Latin forms and syntax. Greek 
was always easier for me than Latin, and this experience is general, 
though not universal. I admit the greater difficulty of Greek forms. I 
agree that its vocabulary is more extensive, while English does not so 
easily help us to arrive at it. I beheve the Greek syntax to be the more 
complex, and to involve rather more than fewer rules and principles. 
Yet with considerably more preparation in Latin, Demosthenes in the 
‘De Corona” was easier to me than Cicero in the “ Second Philippie.” 
Easy and hard are relative terms, I know, but it might be possible to 
secure and tabulate a large number of opinions of students as to their 


LANGUAGE STUDY AND LANGUAGE PSYCHOLOGY 373 


sense of the relative difficulty of languages. My personal experiences 
have been entirely convincing to me. While still a college student, but 
with five or six years of Latin behind me, I began one summer to study 
German privately, and after a careful reading, not conning, of the 
grammar, I set out to read a German novel. Ina few weeks I could get 
on with it with some ease, and mueh more rapidly than I could then 
read Latin. In the next year’s work at college Lessing’s “ Minna ” and 
Schiller’s “ Tell,” in long assignments, caused me much less labor than 
Latin authors did. Even now, after two decades of Latin teaching, 
with forms, syntax and vocabulary under good control, the Latin 
language puzzle at times presents difficulties. True, I require of myself 
greater accuracy with the Latin, but after a few weeks desultory 
dabbling with Spanish, I can read with enjovment and a fair under- 
standing a play of Eehegaray or a novel of Galdés with far less con- 
eentration of attention than it requires to read a fresh bit of Ovid, or 
to reread for class preparation any but the most familiar satires of 
Horace. 

My own experience aside, Professor Hill’s surmise that the classics 
might be advantageously replaced in the educational scheme by a 
modern language or English seems to me not to weigh against the 
actual experience of a master in an English public school, Mr. John 
Charles Tarver, who thus expresses himself in his “ Observations of a 
Foster Parent ” ; 

The claims of history and geography are on the surface so obvious that I 
am tempted to a little piece of autobiography. Be it known, then, that my 
first ambition in teaching was to teach history. I had as little faith in Greek 
or Latin as the most ignorant of self-made men. I believed that great weight 
should be given to English literature and English composition; and as for 
language teaching, I saw no necessity for anything but French and German. 
Therefore when I speak of Latin as the best educational instrument, I speak 
with the authority of a person who has tried others. My opinion would be of 
no value at all had I never stirred out of the classical routine. Similarly, if I 
do not share the popular views about history and geography, it is after, not 
before experience (pp. 174-175). ... The one great merit of Latin as a teach- 
ing instrument is its stupendous difficulty. Greek, in spite of its wealthy vocab- 
wlary and infinitely numerous inflections, is child’s play to Latin (p. 79). 

But why is Latin so much more difficult than a modern language ? 
I find it hard to advance a reason. The differentiating factor hes not, 
I am convinced, in the forms. The German nonn—unless its article 
were so helpful—is certainly as difficult in its forms as the Latin, and 
the Spanish verb seems to me even more diffieult; but I make a fair 
headway in finding out the sense of Spanish or German, in spite of a 
very poor knowledge of the forms. This can not be done in Latin. 
Perhaps one reason lies implicit in the modernness of the modern 
languages. Their sphere of thonght is modern and therefore mine. At 
least, I once heard this explanation advanced, with somewhat explicit 
reference to the ethical value of classical studies, by a great scholar and 
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a wise man, the Reverend Dr. John A. Broaddus, of Louisville. The 
only other reason I can divine lies in the greater variety of word 
order in Latin, the capacity of the phrase for variation, its unfixedness, 
as compared with the modern phrase. ‘This is the only reason J can 
give myself for the close attention I must pay to get Horace’s meaning 
in the “ Satires,” where language and syntax are thoroughly in posses- 
sion, and the thought is plain and even bourgeois. 

In the debate as to the respective educative value of the classics and 
the modern languages, the facts seem to justify the statement that the 
solution of the classic language puzzle requires greater effort, atten- 
tion more concentrated and for a longer time. If this be true, and we 
abandon the old for the new, we must anticipate some necessary loss. 
It remains for the advocates of the change to demonstrate the contrary. 
In my opinion, the rebound from Spanish or German does not promise 
so active a motion. Possibly a language of a type very different from 
our own might produce a greater rebound. The Japanese who is 
learning English may well feel it a severer training than a German 
would. For myself, I can but think that the study which requires the 
greater coneentration, like Latin, is more educative than the easier 
study like Spanish or French. I can but believe that the puzzle of a 
game like whist furnishes a higher recreation than the lesser puzzles 
of a game like euchre. 

But Professor Hill thinks it hkely that the due linguistic training of 
an Englishman might be had from the study of English, and above all 
of Shakespeare. Supposing this to be true, who shall tell us that 
English would require, in the end, less time? Or that the study of 
Enghsh might not prove humanly less interesting? It is by no means 
clear that the paraphrase can replace the translation. Cicero, who tried 
the paraphrase of Latin as well as translation from the Greek, forsook the 
former as involving, if his stylistic model were well chosen, an almost 
sure replacement, in the paraphrase, of the better by the worse. In 
my mother’s generation children were tanght to parse and paraphrase 
Milton. JI have heard them as adults describe the awful tediousness of 
it, in the tone of those who attribute their disregard for formal religion 
to a training in “The Shorter Catechism” and the strictness of the 

7This point is well answered by the following citation from Dr. Arnold 
(Stanley’s ‘‘Life,’’ I1., letter exxxviil): ‘‘My delight in gomg over Homer and 
Virgil with the boys makes me think what a treat it must be to teach Shake 
speare to a good class of young Greeks in regenerate Athens; to dwell upon him 
line by line and word by word, in the way that nothing but a translation lesson 
ever will enable one to do; and so to get all his pictures and thoughts leisurely 
into one’s mind. ... And how could this ever be done without having the 
process of construing, as the grosser medium through which alone all the beauty 
can be transmitted, because else we travel too fast, and more than half of it 


escapes us? Shakespeare, with English boys, would be but a poor substitute 
for Homer, ...’’ 
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Scoteh Sabbath. And what becomes of solving the language puzzle if 
we study English? Puzzles enough and to spare in Shakespeare, yes. 
But the puzzles appear in spots as compared with the somewhat con- 
tinuous bepuzzlement of the classics, and their solution involves, in the 
main, only some bit of glossarial definition ; it does not often demand a 
complete rearrangement of the thought. 

Herein lies a cardinal distinction. As we read or study our own 
tongue we enjoy immediately something like a three-quarter apprehen- 
sion of it, because it is English and because it is ours; and being what 
we are it is irksome to apply ourselves to getting a full comprehension. 
The truly educative thing in language study is, I take it, the effort to 
convert loose apprehension into thorough comprehension, and the 
greater the immediate apprehension, the less the effort and the less 
the stimulus to pass on to full comprehension. This point has been 
well made by Dr. Arnold: 

It has been my wish to avoid giving any pupils any Greek to do on a 
Sunday. ... But I find it almost impossible to make them read a mere English 


book with sufficient attention to be able to answer questions out of it; or if 
they do cram themselves for the time, they are sure to forget it directly after.’ 


Plato-Socrates made this pomt long before in the Meno by asking 
whether one would earnestly seek and endeavor to learn what he 
thought he knew already, not knowing it—until at last, having fallen 
into embarrassment by being shown his ignorance, he longs to be taught. 

In hearing or reading our own language we largely anticipate what 
is coming and this is what renders us liable to be bored. Thus the very 
ease of our apprehension makes us inattentive. With persons who 
speak like a book and with parsons at sermon, it is often enough to hear 
the beginning of a paragraph and wake up again at its end, quite sure 
we have absorbed the contents of a long stretch of discourse. Psycho- 
logically speaking, we stand in a very different relation to our own and 
to a foreign language. What we speak or write our motor currents, 
starting in the brain, we will say, transmit to our vocal organs or our 
pens, along nerve-fibers so habituated to such impressions that the 
eonseiousness does not beeome alive till we hear what we have said, or 
read what we have written. This is proved by the not uncon:mon 
experience that, while writing unconsciously, we spell correctly words 
that we misspell if we consciously attempt them: which shows how trite 
the native word and phrase become. On the other hand, when we read 
or listen, our sensory currents, transmitting to the brain what we see or 
hear, throb the more actively in proportion to the novelty, the strange- 
ness of the object of consciousness. The only real stimulus is the novel 
stimulus. Our native specch, whether in motor or sensory transmission, 
provides less stimulus of novelty. It less quickens the attention. It 
becomes automatic. In our own language we read along cheerfully, 


* Stanley's ‘‘Life of Dr. Arnold,’’ letter No. 8, v. 1, p. 74. 
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with a very benumbed consciousness, not realizing how Hittle we are 
understanding. <A foreign language rouses our attention, and all the 
more in proportion to its strangeness. The modern tongues are modern 
and in part already ours; Greek and Latin, by their strangeness, more 
pervadingly quicken the attention. 

And what beeomes of the finger in the dictionary—a very different 
thing from a glance into a glossarial index—if our language study be 
English? Coneeding that the same diligent attention might gain as 
good results from the English dictionary, how are we to drive students 
to give it such use? Driven they must be, for they think they know 
already. ‘The strangeness of Greek and Latin furnishes the spur, does 
the driving for us. 

VIL. Teaching Literature. 

Boys, whatever their career, must have some literary training, say the 
apologists for the present system of teaching classics. This is my contention 
also, but I advance it with still greater emphasis. The literary training obtained 


whilst learning Latin and Greek is indirect, accidental. It is too serious a part 
of education to be thus left to chance. 


What a problem Professor Hill broaches here, literary training! 
President Woodrow Wilson, on the other band, thinks that literature 
may be learned, but that it can not be taught: it certainly seems as if, 
in Teutonic lands, there is no developed method for teaching literature 
successfully. Nearly a score of years ago a despairing reviewer in The 
Atheneum wrote the striking phrase that courses in literature inevitably 
dwindled into “ ehatter about Shelly and the Harriet problem.” One 
who like Professor Hill has admitted that “A man who has had a 
classical education has a craftsman’s feeling for literature: he regards 
it as an artist regards a picture,” has answered in advance his objection 
that “The Hterary training obtained whilst learning Latin and Greek 
is indirect, accidental.” Granted, but what a splendid by-produet— 
and I helieve it to he only a by-produet— a craftsman’s feeling for 
literature.” 

VIVI. On Practical Studies. 

There is the utmost haziness in the popular mind as to what studies 
are “ practical.” Nine out of ten would put mathematics at the head 
of the list. Only the simplest arithmetical processes are in general use, 
however. Only an infinitesimal proportion of those who have studied 
algebra, plane and analytic geometry, or calculus have ever made use of 
them. Adding machines and computation tables keep the bulk of the 
world’s commerce straight. But nobody has studied Latin without 
being or feeling himself surer of his control of a third of the words of 
his daily speech. I have never thought the etymological a particularly 
strong argument for studying Latin, but it has been given me by 
students of my own whom J} didn’t think I had succeeded in getting to 
learn Latin. That the close study of an English dictionary might do 
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much the same thing for the boy, I freely admit; but the mass of man- 
kind when they read are casual readers, and the casual reader does not 
use a dictionary. 

IX. How the Classics should be taught. 

Professor Hill’s views on the teaching of the classics, and his 
strictures on certain proposed innovations, seem to me eminently sound. 
He has probably not heard of sundry American proposals to “ enrich ” 
the study of the classics, though the greatest enrichment would be 
to restore prose composition to its old place of importance. The indis- 
pensable value of the classics is the concentrated effort required in con- 
struing and writing them, the piecing-out of the English-elassic lan- 
guage puzzle: this, and the finger in the dictionary, constitute the 
values that a modern language or the native speech will never—I do not 
say, can never, save in so far as what will not be can not be—replace. 
Whatever “ enrichment” impairs these values is like a drug that would 
sap the heart while making the hair grow. It is abundantly right to 
say, with Professor Hill: 

For schoolboys Greek and Latin are exercises in grammatical expression, 
and nothing more. ... Neither legend, history, philosophy, nor art has influenced 
the vast majority of the boys who have thriven on a grammar-schoo] training. 


Stultify the grammar, distract attention from accidence, syntax, prosody, and 
the value of the gymnastic is reduced to nil. 


X. On the Relation of Language to Thought. 


If we but knew the most rudimentary principles of the psychology of 
speech! What form of lauguage is best suited for the expression of thought? 
What form of language is most favorable to thinking? ... The test of the 
elevation of a language, from the evolutionary point of view, is its simplicity, 
freedom from ambiguity, correspondence in the order in which words are used 
with the sequence in which ideas successively occupy the focus of consciousness. 
‘*Amabo, love, future, I,’’ is as swift an expression of thought as ‘‘I shall 
love’’; although it does not place the constituents of the idea in the order in 
which they pass across the mirror of my mind; my personality, in the case of 
such a general proposition, takes the lead. ‘‘Lucretiam amabo,’’ no doubt, 
gives the order aright. But neither conglomerate allows of the inversion ‘‘ shall 
I love?’’ Picking up the schoolbook nearest to hand, I have essayed the ‘‘sors 
Virgiliana.’’ This is the sentence which my finger touched: ‘‘Relinquit animus 
Sextium gravibus aeceptis vulneribus.’’* It seems to me ineredible that this 
sentence expresses the thought as it formed itself in Casar’s mind: ‘‘ Leaves it 
the soul Sextins by or to grave by or to received by or to wounds.’’ Surely. 
the idea of the personality of Sextius preceded the idea of some one fainting? 
What purpose is served by three times explaining that it was by or to (leaving 
it at the end an open question which) wounds?—‘‘ibns,’’ if it does not impress 
the mind of the reader as the really important constituent of the phrase, is 
unduly heavy for a mere inflexion. Cesar did his best with the language which 
his unlettered ancestors had bequeathed to him: but he was to be pitied in that 
his thoughts when they went abroad must walk in irons. 


We know little indeed of the psychology of language—which leaves 
us perhaps in little worse case than when we stand before the psychol- 
*<“De Bello Gallico,’’ vi. 
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ogy of anything else. But our analysis of the main language problems 
must at last rest, 1 think, on the following observation: Language, the 
joint creation of the organs of speech and the hearing ear, became, 
by the invention of writing, a thing of written tracings addressed to the 
eye. Mere speech is not, in the nature of things, an object of study. 
The child learns it by ear, but his ear no more studies it than the eye 
studies optics to improve the sight. What we really want to know, and 
what we study in school, is written language, and we must always bear 
in mind the artificiality inherent in the strange medium. It can matter 
nothing to the infant who hears it whether he hear Greek or Zulu or 
English. He learns what he hears as unconsciously as a dog wags his 
tail. The conditions under which one tries to learn how to speak a for- 
eign tongue are usually quite abnormal. That involves some conscious 
effort, doubtless, but whether the learner be a prince or the boots in a 
hotel, his most effective means of learning will be by ear, he must let 
himself be taught to hear. The rest is easy, provided he is young and 
has not been made self-conscious by a half-knowledge of grammar. 
Learning to speak a foreign language is, however, not a school problem, 
and I can foresee no conditions in the near future under which it is 
likely to become one. It would be well if those who prate of the 
practical value of the modern language would candidly add that for use 
as speech the French, German or Spanish that they recommend are, 
under the conditions that obtain, practically—if not potentially—as 
dead as Greek or Latin. It would be instructive, too, to get a statement 
from a thousand random men, who studied a modern language at school 
ten years ago, as to how many times it has been necessary, or would 
even have been convenient, to speak the language. Not but I would 
have persons learn to read or, if they could, to speak several modern 
languages, but if the Latin grounding has been thorough the acquisi- 
tion of a reading knowledge of a modern language—and this is for 
people in general the practical thing—is a mere bagatelle. Again let 
me repeat it, for school purposes language study means the study of 
written languages, which 1s artificial and secondary. But though 
written language has developed habits and turns of its own; and 
writing has given to the registered phrase stability, variety, intricacy, 
whence the written word has acquired a special psychology of its own: 
yet it has never lost its inherited traits as speech. 

his observation brings us to consider the order of words in lan- 
guage, a point on which Professor Hill betrays, sit venta verbo, some 
aplomb. He likes not an arrangement of thought in a different sequence 
from his own. Taking “amabo” for his instance, he rethinks it as 
“love, future, I,” with some cavil at the relegation of his personality 
to the rear. In “ Lucretiam amabo” the beloved, as he hints himself, 
might happen to prefer the Latin emphasis: if there were any emphasis. 
The truth is amabo is a crystal, a synthesis, and it appeals to the mind 
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asa whole. It is as much an entity as an icicle, the perception of which 
need not involve the thought of water, much less of hydrogen and 
oxygen. Qua analyst, I may divide amabo in one way for its syllables, 
and in another way for its root and stem, its tense and person signs. 
Qua hearer or reader, the unit is amabo, which I think I can mentally 
realize in rather less time than I realize “I shall love.” My eye may see 
ama- sooner than it does -bo, but my consciousness appropriates them 
simultaneously. It 1s more probable that my eye sees amabo all at 
once, just as it is immediately aware of a flag, which it may then analyze 
as a tricolor, and last as three colored stripes. It requires no special 
act of enumeration to be conscious that a group is composed of five or 
six individuals, but the group is probably first to rouse my attention and 
my perception of it is a synthetic perception. 

It was only the little lad learning to read from a hornbook at his 
grannam’s knee that ever passed through Spencer’s struggles with “ the 
black horse,” for it is an utter fallacy that “ black horse” and “ cheval 
noir” are, in speech, ever broken up into “black” [here ponder on 
“black ”] and “horse”; “ cheval” and “noir.” And we shall not be 
entirely brutal if we disregard the distress of an American critic of 
style who thinks of “ bay-horse ” when he hears “ cheval” and is pained 
to have his impression corrected by “ noir”: What an agony “ the [bay] 
horse is black” must cause him. Nor need we make a prolix appeal to 
grammar or psychology to prove that “ black horse” is, in the evolu- 
tion of speech, shorthand for “ the horse is black.” This probably did 
not trouble our savage forefathers any more than it troubled the 
Romans, to whom either niger equus or equus niger alike meant “ black 
horse ” and “the horse is black.” 

Equally unhappy is Professor Hill’s analysis of the Caesar sentence 
cut at random after the manner of the sortes Virgiliane. In its own 
context the sentence stands in the middle of a paragraph, and the reader 
coming upon it knows that Sextius has jumped from a sick-bed to rush 
with a few followers upon the attacking foe: paulisper una proelium 
sustinent .. . relinquit animus Sextium ... gravibus acceptis vulner- 
ibus. To me also it seems incredible that the thought that formed itself 
in Cesar’s mind was anything like “ Leaves it the soul Sextius by or to 
grave by or to received by or to wounds.” The thought of Cesar was in 
three phrases, “ for-a-little together the struggle they endure . . . swoons 
Sextius .. . from dangerous received wounds.” It can not be said too 
often that for the understanding the phrase is the unit. Ay, whether 
the medium of interpretation be the ear or the eye, the hearer or 
reader is simultaneously conscious of the whole phrase. When I say 
hearer or reader I mean, of course, Cesar’s predetermined hearer or 
reader, not the tiny learner spelling out r-e-/, etc., nor the older dullard 
who calls out words like sums standing in a column to be added. There 
is a trick of rhetoric, to be sure, in Cesar’s chiastic order, meant to 
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bring the verbs together in contrast, but it is easy to overstate the better 
adaptation of one word order than another for the understanding. The 
plain church-going American seems to find no difficulty with the line 
“Hangs my helpless soul on Thee” which, for rhythmic reasons, I 
always want to sing in the form “ Helpless hangs my soul on Thee”; 
and “departed this life” is a formula very like relinquit animus 
Sextium. The desire to put the verb or other predicate forward has 
given rise to English turns like “ There comes a stranger ” or, in Ger- 
man, with wider reach, “ Es klingelt die Glocke,’ “Es sperren die 
Riesen den einsamen Weg.” Our American newspaper headlines are 
particularly given to this sort of striving for emphasis. I have seen 
examples of it occasionally in such carefully edited papers as The 
Evening Post or The Courier Journal. It rung riot in the text as well 
as the headlines of our local daily. Precious instances I recall are 
“ Singing were ”—A, B, C,—‘‘ Tyro is he ”—who didn’t enjoy so and so. 
And even in the high hterary realm our now “ Englished ” minds still 
retain a great flexibility for word order, as for instance in parenthetic 
interruptions of the stream of thought, such as we find in the following: 
“ No one else can feel the same interest in them [the boys], and no one 
else (I am not speaking of myself personally, but merely by virtue of 
my situation) can speak to them with so much influence.”® 

Shall Professor Hill assess Ceesar’s feeling for the natural order of 
thought? Then he must take Echegaray, and many a Spanish author 
besides, to task, and ask them to make their stream of thought flow 
Enghshly. He must ask the Germans to think more naturally. I can 
not think Cesar was less natural than an Englishman and the natural 
order for Cesar’s thought was the order bequeathed to him by his 
untutored savage ancestors who spoke Latin; for the order of words in 
any given langnage is, I suppose, conformed to the order of thought— 
but hardly to the extent American Latinists were asserting a decade or 
more ago; as though every Latin sentence were arranged for emphasis 
in a diminuendo, beginning with a scream and ending in a whisper. 

Professor Hill’s rethinking of gravibus acceplis vulneribus—* by 
or to grave, by or to received, by or to wounds ”—is scarcely less than 
grotesque, thongh I believe there is a recommendation abroad in the 
land to use as one reads Latin some sliding slotted card whieh shall 
reveal to the reader gravibus alone, leaving him to ponder the “ from,” 
“to,” “ by.’ relations before he passes on to acceptis, where, another 
wait, and so on to vulneribus. The propriety of this method may be 
tested by reading, with long, reflective panses, as indicated, the follow- 
ing English sentence: “The chief made his son... a present... to the 
king.” Tfere, stopping short, with false phrasing, ruins the sense. The 
truth is. the sentence is not “ eonnected up” by consciousness till the 
last word, king, is reached. The mind, if not the ear, hears the whole 

® Stanley's ‘‘ Life of Dr. Arnold,’’ v. 1, p. 152. 


LANGUAGE STUDY AND LANGUAGE PSYCHOLOGY 381 


phrase at once, as the mind, not the eye, sees a complete circle of fire 
when the burning tip of a reed is turned rapidly about. False phrasing 
is like the false word division that misled Mr. Pickwick, the antiquarian, 
when confronted with the inscription 
ae 
BILST 
UM 
PSHI 
S.M. 
ARK. 


It may seem de trop for an Englishman to indicate gender and 
number in his adjectives, but all the Romance peoples do it, and a 
German further indicates case. My experience as a teacher has shown 
me that the Latin ablative absolute, when you allow a slovenly transla- 
tion, is a thing the dullest student fails not to recognize. Given the 
full phrase, and it is a blunder to give a student less, there is little 
more likelihood that even a dullard would, in our Cesar sentence, for 
one moment think of the dative than the average reader would be likely 
to think of “ bier ” if he heard the sentence “ Malt was used in making 
this beer.” The fact is that what is theoretically equivocal in language 
is rarely so in experience. So true is this that only a few years ago 
French scholars went to the extreme of denying in toto the possibility 
of conscious effort to avoid verbal confusion: as though the whole 
stylistic juggle with synonyms—a phenomenon, to be sure, scarcely to 
be reckoned with in unlettered speech—did not jook the other way. 

On this point, I can contribute an interesting observation of a child’s 
feeling for homonyms. My small niece, still under two, called her 
father, among other things, something like “ baba,” and we could not 
distinguish this name from her pronunciation of “ barber,” a word she 
probably had never heard till her little brother Jack went down the street 
one day to get his hair cut. Several of us, wishing to test whether she 
also confounded the two individuals, asked her questions like *‘ Did baba 
cut brother Jack’s hair?’ But we never tripped her. The answer was 
always prompt as rhyme, “ No, no, the baba.” Were the two “ baba’s ” 
she pronounced the same to her ear or did her acoustic image of the 
word “ barber” contain the two very slightly trilled r’s of our southern 
accent—though to the best of our observation they formed no part of 
her vocal reproduction of the image? Or was the differentiating factor 
in her mind the article “the”? The same child was not troubled by 
shifts in word order. One name she used for her father was “ daddy- 
pops,” and in trying to confuse her over the two “ babas” T reversed it 
to “ poppy-dads,” which she instantly appropriated without a hint of 
confusion. <A very simple shift of order will confuse an adult— 
perhaps the adult is more easily confused in this way—as I feel con- 
fused when I read from the Marseillaise hymn— 
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Contre nous de Ja tyrannie ]1’étendard sanglaut est levé— 


though it is so easy to rethink it as “ Against us tyranny’s standard 
of blood is raised.” 

No, the phrase is the unit. Of this I once had an almost convincing 
demonstration. A class was beginning Cicero’s essay on old age and, as 
there were no books at hand, I began to read the first chapter aloud, 
slowly, and by phrases, with the result that I secured in this oral way a 
much better translation than the class brought up next day for their 
prepared lesson. If any one wants to convince himself of the superiority 
of Virgil in the narrative style to any other Latin poet, I know of no 
better test than reading him aloud by phrases: his brief phrases—not 
his words—move with a simplicity and naturalness not unlike the prose 
style of King James’s version. 


XI. Analytic versus Synthetic Languages. 


We can not resist the impression that modern Greek and Italian, as they 
are but the ruins and vestiges of the languages in which Demosthenes and 
Cicero spoke, afford by comparison but miserable accommodation for thought. 
Fron our extremely small experience of the speech of the world we judge that, 
in the case of the few languages which we know, evolution has proceeded back- 
wards: the better organized, and therefore, from the evolutionary standpoint, 
the higher language has given place to the lower... . Greek and Latin were 
not made by cultured Greeks and Romans. The language took form in the 
converse of their illiterate ancestors, Literature, upon which the beginnings of 
culture rest, closes language building in the larger sense. Zulu is a more highly 


flexional language than Greek. . . . The language of the Zulus is not great 
because it is complex in form. Every language becomes great when greatly 
used—Greek fron. Demosthenes’s mouth; English from Milton’s pen. ... The 


only evolutionary tendency in language which we can recognize is this tendency 
towards analysis, toward dismemberment. So great an authority as Sir Charles 
Eliot, vice-chancellor of Sheffield University, who perhaps knows a greater 
variety of languages than any other man, from Portuguese to Russian, from 
Turkish to Japanese, languages of central Africa and of the Polynesian Islands, 
tells me that he considers that this progress favors thought. Gender, number, 
ease hamper language, restrict its flexibility, impede thought. A monosyllabic 
root-language, such as Chinese or Burmese, is a swifter and more precise solvent 
of thought than are the highly inflected Bantu tongues. If this be true—and 
it does not seem to me open to doubt—it is easier to think in English than 
in Latin. 


I have not the least doubt that it is easier for Sir Charles Eliot, 
Professor Hill or me to think in English than in Latin. The great 
educative value I assign to the study of Latin lies precisely therein. 
The rethinking of Latin into English can not fail to be tremendously 
more difficult than the rethinking of any modern cultural tongue into 
Knelish. But Professor Hill is dealing with postulates, not demon- 
strations. Who shall show us that Cicero’s Verrines cost more effort 
in the thinking and phrasing or appealed less simply and directly to his 
audience than Burke’s “ Impeachment of Warren Hastings” ? 
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The scientist is very apt to carry a chip on his shoulder when the 
word evolution is mentioned. He seems to feel it treason to science if 
evolution is not regarded as a universal principle, as absolute in its 
operation as the law of gravitation. Because he believes in progressive 
development and the survival of the fittest, he mechanically postulates 
that whatever is is better than all that has passed away. Applied to the 
institutions of men this principle is abundantly untrue. If it comforts 
one to classify the differentiation of organ and function from diatom 
up to man, and the general simplification of structure observable in the 
historical development of languages as they grow older, under the one 
label, evolution, he is welcome to do so, but he must meet the difficulties 
and see the differences. If it is a simplification that the Romance lan- 
guages have replaced Latin synthetic cases by prepositional phrases, 
why, after having acquired an analytical future, did they convert it 
into a synthetic: why has Spanish developed hablaréis “ you will speak ” 
from hablar habéis “ you have to speak” ? Who will assure us that the 
Latin case-endings did not similarly arise from some sort of attach- 
ments of prepositions to their nouns? Why is -(t)bus too heavy for a 
mere termination? [What is there about -bus that catches the ear of 
persons who hear Latin? Shakespeare’s Costard hits off some of the 
catching elements of spoken Latin in his honorificabilitudinitatibus, 
and I can testify to the prominence of -bus in the gibing attempts at 
Latin word-formation I have heard from mockers.]| Who can seri- 
ously maintain that -“ bus” attached to a Latin stem is inherently any 
more ambiguous than “by” or “with” prefixed to an English noun? 
What -bus was to start with, philologists surmise, they do not know. 
But they do know that Spanish migo is Lat. mecum synthetized and re- 
analyzed again in con migo which is cum mecum, The psychology of 
the doubling they understand, but they don’t drop the -go from migo; 
and they accept the fact for the fact, content with the unlettered an- 
cestry of Spanish or Latin or English. Who then, I repeat, shall assure 
us that the Latin case endings did not originate similarly from some 
prepositional affix? It is absolutely certain that Latin amabai “he was 
loving” has been synthetized from an independent word meaning, 
either “loving” (pte.) or “for-loving” (infin.) plus -baé “ was.” 

The truth is that all along the line language submits itself to syn- 
thesis. We have an interesting exhibition of this in the colloquial Amer- 
ican “kinder” and “sorter,” for which our language has, I conceive, a 
real need as a verb modifier. At least I can not express in formal lan- 
guage the very pretty group of associations suggested to my mind by 
the phrase “ He sorter sidled up to her and whispered.” Analytic and 
synthetic are but relative terms and sometimes the synthetic form of 
expression is the simpler. ‘To me at least, in the French line quoted 
above, de la Tyrannie, though analytic, presents to me in a blur, as 
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through a glass darkly, what I see crystal clear in the synthetic posses- 
sive Tyranny’s by which I have rendered it. 

As I have already said in another connection, German in its noun 
and Spanish in its verb are at least as synthetic as Latin, spite of an 
evolution longer by two thousand years. That these languages with 
their rich flexional systems and their concords for gender, number and 
case are instruments more difficult in the use or less apt in the expres- 
sion of the thought of Germans and Spaniards than English is for us is 
sheer assumption; and it were a peculiarly chauvinistic obsession to 
call German or Spanish languages of a lower type than English. In 
the estimation of the difficulty that attaches to learning and using a 
national tongue, no foreigner’s opinion can possibly assess the difficulty 
for the native. As regards the adequacy of a language to express the 
thoughts of its native users, it may be said that no type of language 
has ever been found inadequate. Homer’s Nestor of the honied tongue 
with many flexions ; Demosthenes with fewer; Cicero with his adjective 
eases and genders and his verb moods; Burke in a nearly flexionless 
English: who shall say that one of these commanded a language of less 
flexibility, a language less apt for the expression of thought, than 
another? Did Greek flexions hamper Demosthenes, restrict his 
thought? The appeal of Demosthenes to-day is in part due to De- 
mosthenes, but in part to what used to be somewhat sentimentally called 
the genius of the Greek language. I can conceive of a Zulu approxi- 
mating Demosthenes before a Zulu audience, but not of a Zulu De- 
mosthenes whose appeal could reach me, unless he had been steeped in 
a Zulu literature accessible also to me. 

Language is the expression of thought, but it is more, it is the 
prompter of thought. A word is not only what it means, it is all that 
it suggests by association. Rhyme, often decried as a meretricious em- 
bellishment, has helped modern poets to many a richer thought. Meta- 
phor so completely triumphs over the worn and literal expression that 
it may be said to do our thinking for us. But metaphor continually 
wanes in the word till all becomes literal again. The metaphors of a 
foreign langnage, of Greek and Latin, where they differ from our own, 
freshen thought. Other freshening of metaphor is—slang. Demos- 
thenes, the heir of all his ages, put his thoughts in Greek, but Greek no 
less put her thoughts in him. Man is the weaver but words are the 
yarn, and the yarn is delivered to him spun and dyed. Its strands are 
thought, its color emotion. The weaver has, in fact, little to do. He 
can at best but a little vary the conventional pattern, handed down to 
lim by his unlettered ancestors. Or again, changing the figure, we may 
say that language carries its own organic ferments. These ferments set 
the poet’s eye in a fine frenzy rolling. These ferments supply a vapor 
aglow with light that never was on land or sea. Some flash of a word 
—and we see the stars: some sputtering word 


and our noses flinch. 
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HE proposition to put agricultural courses into the existing high 
schools may seem, at first thought, to be merely one of adding 
another subject to the curriculum. But experience shows that a 
curriculum may not be dealt with arbitrarily. To successfully inau- 
gurate this subject it is necessary that study be made of its purposes 
and, more especially, of the adjustment of this to other high-school 
subjects.? 

The subjects of the present curriculum most concerned in this 
adjustment are the sciences. These, “the most precious achievement 
of the race,” are themselves comparatively new to the curriculum and 
the promise with which their introduction into the school was made 
has fallen far short of fulfillment, so that their status is at present far 
from a final adjustment.* And their close relation to the new subject, 
agriculture, makes the problem of the adjustment of all a single 
problem. 


1¢<No study is worthy of a place in our program which has not commanded 
the full devotion of some master mind. All students must be introduced to the 
same civilization, and since all are human their several ways of approaching it 
will not be fundamentally different.’’—Brown, ‘‘The Making of Our Middle 
Schools,’’ p. 440. 

2¢<Science is the most precious achievement of the race thus far. It has 
made nature speak to man with the voice of God, has given man prevision so 
that he knows what to expect in the world, has eliminated shock, and above all, 
has made the world a universe coherent and consistent throughout.’’—Hall, 
*¢ Adolescence,’’ Vol. IL, p. 544. 

‘«This recognition of science as pure knowledge, and of the scientific method 
as the universal method of inquiry, is the great addition made by the nineteenth 
century to the idea of culture. I need not say that within that century what we 
eall science, pure and applied, has transformed the world as the scene of the 
human drama; and that it is this transformation that has compelled the recogni- 
tion of natural science as a fundamental necessity in liberal education.’ ’—Eliot, 
‘<Education for Efficiency,’’ p. 37. 

‘<T can not help feeling ... that we have not yet succeeded in so organizing 
the sciences as instruments of general education as to fulfill the high expectations 
which some of ns formed for them nearly a quarter of a century ago. There can 
be little doubt that the sciences of nature and of man, properly organized and 
presented as educational instruments, are destined to be classified as true 
humanities.’’—-Butler, Address of Welcome, A. A. A. S., 1906. 

‘¢Tt seems to be a fact that the sciences, although dealing in knowledge of 
matters of the greatest immediate interest, and althongh coneerned with the most 
elemental of all trainings... are still of mediocre efficiency as factors in general 
education.’ ’—Ganong, ‘‘ Botanical Education in America,’’ A. A. A. 8., 1909. 
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The strength of the agriculturists’ argument for the inauguration 
of courses in the schools has usually pertained to the immense economic 
significance. But the successful teaching of agriculture in the school 
along with the traditional courses depends, like all the rest, upon its 
being regarded and developed as a humanistic subject as well. It will 
have to “ make good ” pedagogically if it is to have a permanent place.* 
But it is also likely that pedagogy will have to recognize some new 
educational values before the subject can be considered in good stand- 
ing by schoolmen. When educational ideals include the highest ideals 
of social efficiency the economic will, of course, be included. But until 
there is a recognition of something more than economic ideals there 
may be danger of the industrial reform getting in the way of educa- 
tional progress, to the ultimate detriment of both. 

A usable pedagogy is necessary to the solution of this problem. If 
pedagogy does not afford the principles and terms with which to treat 
the subject it is a sign that we need a new pedagogy.* Those who seek 
unity in education should insist that the “ science of education” pro- 
ceed to attack the problem with such means as it possesses. The result 
may be worth as much to education as to agriculture. 

Without guiding educational principles the common mistake regard- 
ing this subject is to suppose that agricultural materials have inherent 
qualities which determine how they shonld be marshaled in the course. 
The result is the confusing varicty of mechanically graded topics which 
secondary courses 1n agriculture present. As a matter of fact any 
purely agricultural theme will have phases which might be appropriate 
for any grade. The thesis here maintained is that the child’s mind and 
body, rather than the materials, should be the controlling factors that 
determine all courses of study and that in the high school these must 
first, in this case, determine the organization of the sciences. For the 

5“¢In the study of the concrete problems of education, we need a guiding 
principle; we need a formula that will cover every case that is presented; we 
need to know what education means in its simplest terms. Having such a prin- 
ciple we shall have a basis for interpretation—a eriterion, perhaps, for approval 
or condemnation. Lacking such a principle, our results will be the merest 
empiricism, valuable it may be as separate facts, but totally inadequate to the 


needs of constructive effort.’’—Bagley, ‘‘ The Educative Process,’’ p. 3. 
‘Experience in teaching, covering several years in graded-schoo) work, in 


an academy, and in a normal school, leads to the conviction that no subject 
requires more sound knowledge of the principles of pedagogy than does the sub- 
ject of agriculture.’’—Abbey, ‘‘ Normal School Instruction in Agriculture,’’ p. 9. 

*“«New and fundamental concepts regarding educational principles are now 
needed which square with centralized and systematized industry.’’—Carlton, 
“¢}idueation and Industrial Evolution,’’ p. 13. 

‘Tf pedagogy or education is to be permanently ranked among the sciences, 
it must find data in addition to that furnished by cultural imperatives and 
psychological investigations.’ ’—Carlton, ‘‘ Education and Industrial Evolution, ’’ 
pe as: 
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only features of agriculture that have pedagogic cohesion are the sci- 
ences involved. 

Presented as they have been without any experience in their utiliza- 
tion having been afforded, high school sciences have not kept pace with 
educational needs. The fault seems to be that the student has been 
held too rigidly to the accuracy of an accumulated knowledge with too 
little experience with the method of its acquisition.’ Pure science can 
be but imperfectly appreciated by the adolescent who still retains his 
dominant childish interest in the use, rather than the organization and 
structure, of things. And if science could be taught as pure science 
its destructive tendency, striking as it does at the root of authority, is 
of questionable propriety where it does not at the same time furnish a 
philosophy of life. It is especially necessary under a rational govern- 
ment, such as ours, that it be made humanistic.’ And humanistic 
science is applied science. 

The purposes of high school agriculture, therefore, await the reform 
of the high school sciences; and a reform in the direction of applied 
science is evident to many science teachers who have no special interest 


°«¢Seience teaching has suffered because science has been so frequently 
presented just as so much ready-made knowledge, so much subject-matter of 
fact and law, rather than the effective method of inquiry into any subject- 
matter. ... 

‘*Only by taking a hand in the making of knowledge, by transferring guess 
and opinion into belief authorized by inquiry, does one ever get a knowledge of 
the method of knowing. Because participation in the making of knowledge has 
been scant, because reliance upon the eflicacy of acquaintance with certain kinds 
of facts has been current, science has not accomplished in education what was 
predicted for it.’’—Dewey, ‘‘Science as Subject-matter and as Method,’’ 
A. A. A. S., 1909. 

°«*What the pupil is unable to use at any time ean not be taught him most 
economically and efficiently at that time.’’—O’Shea, ‘‘Dynamie Factors in 
Edueation,’’ p. 41. 

‘‘Then (in adolescence) . .. come the need of utilities, applications to 
machinery, hygiene, commerce, processes of manufacture, the bread-winning 
worth of nature knowledge, how its forces are harnessed to serve man and to 
produce values. Contrary to coniuon educational theory and practise, the prac- 
tical, technological side of science should precede its purer forms.’’—Hall, 
“¢ Adolescence,’’ Vol. IT., p. 153. 

7¢* An interpretation of humanism with science, and of science with human- 
ism, is the condition of the highest culture.’’—Symonds, ‘‘ Culture.’’ 

‘¢ As our schools grow more national they should also grow more humanistic. 
The older humanism was devotion to... an abstract ideal. The newer humanism 
of the schools can not well dispense with the best that the older humanism had 
to offer. But it will cease to be abstract... . The best that the school can do 
to guard them (youth) against self-centered commercialism, is to awaken their 
enthusiasm for some ideal good, which has power of appeal to the imagination. 
... We may look to see... a new humanism, leaning more and more on science, 
mindful of the past, patriotic in the present, and looking hopefully forward to 
the larger human interests.’’—Brown, ‘‘The Making of Our Middle Schools,’’ 
p. 463. 
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in agriculture. The biologists, especially, are gravitating toward the 
use of the familiar things with which agriculture must deal. If the 
agriculturists do not take advantage of this it will be their own fault. 
For if the scientists are to assume that part of the burden for the sake 
of the sciences, sueh “loss of jurisdiction” over their subject should 
not be taken amiss by the agriculturists, who may rest assured that the 
others have no means of cheating so as to achieve their “ disciplinary ” 
results wthout thereby doing that which is best for agriculture. Only 
jn making the two phases of work complementary is agriculture se- 
curing a permanent place in the course. It may be that keeping the 
two interests uncorrelated will not only result in the continued deca- 
dence of high school science, but will also keep the subject of agriculture 
pedagogically outside the course of study, however much pains may be 
used to print it in.® 

Agriculture in the high school will bear one of three relations to 
the fundamental seiences, namely, it will be taught before the related 
sciences are taught, or while they are being taught, or after they have 
been taught. 

‘The success of agriculture in the high school depends upon its being 
made of such dignity as to challenge the powers of the better students.?° 
And the better students will not be attracted to a subject that is long 
kept in its elementary stages.’? There is more to lose than to gain in 


5¢¢T often wish that the phrase ‘applied science’ had never been invented. 
For it suggests that there is a sort of scientific knowledge, of direct practical 
use, which can be studied apart from another sort of scientific knowledge, which 
is of no practical utility, and which is termed ‘pure science.’ But there is no 
more complete fallacy than this. What people call applied science is nothing 
but the application of pure science to particular classes of problems. It consists 
of deductions from those whose general principles, established by reason and 
observation, constitute pure science. No man can safely make these deductions 
until he has a firm grasp of the principles; and he can obtain that grasp only by 
personal experience of the operations of observations and of reasoning on which 
they are founded.’’—Hluxley, ‘‘Science and Culture,’’ Chap. IV. 

®**Tn every ease correlation has been suecessful, when the instructor was 
sufficiently versed in his own subject and the kindred subjects to know when and 
how to bring the two together to the best advantage.’’—Abbey, ‘‘ Normal School 
Instruction in Agriculture,’’ p. 29. 

‘*Relate the school to life, and all studies are of necessity correlated.’’— 
Dewey, ‘‘The School and Society,’’ p. 107. 

10 <The highest type of spontaneous, whole-souled activity can not be devel- 
oped about trifling or worthless things.’’—Hodge, ‘‘ Nature Study and Life,’’ 
p. 23. 

u<<Tf a child at any particular epoch in his development is compelled to 
repeat any fixed form of action belonging to a lower stage of development, the 
tendency will be for him to stop at that point, and it will be diffienlt, if not 
impossible, to get hin up on to a higher plane. .. . Thoroughness in the pursuit 
of any study in the elementary school may result in cessation instead of pro- 
motion of mental growth.’’—Harris, ‘‘ Educational Creeds of the Nineteenth 
Century,’’ pp. 39-40, 
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attempting to popularize the subject by writing all of the science out 
of it. If it is not based upon the fundamental sciences it is not sec- 
ondary but elementary, and, as such ignores the genetic stages of devel- 
opment usually represented by the high school adolescent.’? Therefore, 
if agriculture is to be made a secondary school subject it must be put 
on a secondary plane—that is, it must be made scientific by the utiliza- 
tion of the fundamental sciences.!% It should not be divorced from the 
high school sciences in order to precede them. 

The deferring of the agricultural work in the high school until 
after the underlying sciences have been mastered will be at the very 
imminent risk of starving the peculiar vocational interest upon which 
its success depends. Investigations as well as experience show that the 
interest in vocation is born in adolescence and that the manual vocations 
normally precede the others.1* It is a maxim of education that to 
develop a useful instinct it should be exercised and directed during its 
nascent period.*® However judicious and far-sighted the plans of the 
teacher may be regarding the student’s high school course, neither the 
student nor his parents may be safely left indefinitely in the dark re- 
garding them. The average student in the high school should see a 
generous amount of purpose in all of his work and have the benefit of 
such experiences as are to be gained only by applying it to its purpose, 
even though it mean, from the viewpoint of the teacher, a compromise 
of his science. 

Prescribing high school science work to precede the agriculture 

26¢When he (the pupil) has completed his eighth year, he should have a 
well-developed sympathy with agricultural affairs and he should have a broad 
general view of them. Entering the high school he will then be able to take up 
some of the subjects in their distinctly scientific phases.’’—N. E. A. Committee 
on Industrial Edueation in Rural Schools, pp. 44-45. 

13¢¢Tt is the business of secondary education to raise all subjects which it 
touches to the plane of science, by bringing all into the point of view of organ- 
izing principles.’’—Brown, ‘‘The Making of Our Middle Schools,’’ p. 4. 

4<¢Tn almost all great men the leading idea of life is caught early.’’— 
Eliot, ‘‘Edueation for Efficiency,’’ p. 28. 

‘<Until the instincts of construction and production are systematically laid 
hold of in the years of childhood and youth, until they are trained in social 
directions, enriched by historical interpretation, controlled and illuminated by 
scientific methods, we certainly are in no position to locate the source of our 
economic evils, much less to deal with them effectively. ’’—Dewey, ‘‘The School 
and Society,’’ p. 39. 

6 <<Tf a nerve center is not exercised properly during its nascent period, it 
will be arrested in its development, for it loses its plasticity when the wave of 
ripening moves past it to other centers... . The absence of appropriate stimulus 
during the growing period is for the most part irremediable; and this results, 
as I have already intimated, not only in the arrest of this particular function, 
but it influences other functions by interfering with the readiness of association 
between centers that can become connected only through the undeveloped 
one... .’’——O’Shea, ‘‘Dynamic Factors in Education,’’ p. 151. 
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means either the perpetuation of a form of science instruction that has 
proved a failure in the high school or it means a reformed science, such 
as many teachers are now advocating, that introduces industrial appli- 
cations. If the latter kind is contemplated it should be unnecessary to 
provide for it again in the agricultural course, for to admit that it 
can not be so utilized is to take all of the meaning out of the reform. 
If the former kind is contemplated, such students as can not appreciate 
“pure science” however elementary, may not be expected, after organ- 
izing a science in its more perfect form, to profit by any attempt later to 
open the subject and reorganize it in a less perfect form for agricultural 
or other utilitarian purposes, as an addendum, loosely attached and 
unessential, which must deal with drosser materials. The period for 
such organization is past for the student who can appreciate the science 
in its more perfect form, while those who might have profited by the 
compromised science will have been long since eliminated. ‘Thus would 
both subjects suffer from the divorecement and postponement of agricul- 
tural instruction. ‘The conclusion is that agriculture is not supplemen- 
tary, but complementary, to the fundamental sciences in the high school. 

In the days of pre-evolutionary thought, when learning was all a 
matter of authority, it was quite natural to think of form as dictating 
function, and formal knowledge monopolized the schools. The accept- 
ance of the doctrine of evolution was a recognition of the fact that 
function dictates form.'® According to the present conception the best 
teacher is that one who does not have the two very far separated in 
time.?7 In order that the high school science be properly tanght it is 
necessary that the teacher have a ready knowledge of its function and 
that it be carried to its application while the subject is first being 
presented and is yet in the formative stage in the student’s mind.'$ 

The technique and terminology of pure science are the only ade- 
quate technique and terminology of applied science. The only difficul- 
ties which the student of agriculture mects are scientific difficulties.?® 
It would be strange indeed if such difficulties might be better dealt 

#<C As structure follows function, experience in function must have been 
first in race history.’’—Baldwin, ‘‘ Mental Development, Methods and Proec- 
esses,’’ p. 64. 

7¢¢ As far as possible the study of form and function should go together.’’ 
—RBailey, ‘‘The Nature-study Idea,’’ p. 49. 

«<The application in some form should always follow the generalization. 
The pupil should learn from the start that knowledge as it exists in the form 
of laws, principles, rules or definitions is utterly valueless, unless, directly or 
indirectly, it can be carried over into the field of practise.’’—Bagley, ‘‘The 
Educative Process,’’ p. 303. ‘ 

*<«CAny attempt to ‘eut out’ the ‘impractical’ parts invariably results in 
the inefficient functioning of the remainder. Short courses that aim to give only 
the essentials, fifth-rate colleges and normal schools that educate you while you 


wait, are sufficiently dammed by their own products.’ ’—Bagley, ‘‘The Educative 
Process,’’ p. 233. 
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with dissociated from the sciences to which they pertain.*° So far as 
the two are related, the purposes of science can not be antagonistic to 
those of agriculture and it is better for the accomplishment of the 
reform toward vocational education to let the sciences bear their share 
of the burden of time and responsibility and have the same “ charged 
to their account” while profiting as they will by the inclusion of the 
latter. 

Should agricultural materials and principles be utilized for the 
purpose of teaching the sciences, and the student progressively pursue 
his science beyond the ability of agriculture to give any direct benefit, 
the operation of constantly rejecting the unessential and reconstructing 
with the (apparently) essential for the purpose of perfecting organiza- 
tion is a mental operation quite familiar to educators and is observed 
in daily practise by good teachers in all subjects. It is a characteristic 
merit of the “scientific method” and the “ spiral plan,” and is gen- 
erally recognized as the natural order of mental growth. Thus most of 
the knowledge acquired in school is but transient in its value—a scaf- 
folding for the erection of a more perfect structure.*? It is not the agri- 
cultural work considered as knowledge so much as the right kind of 
training in science which its inclusion alone insures that makes it the 
best means of preparation in science for any collegiate course or for any 
general educational purpose. 

But the fundamental sciences can not be depended upon to give a 
complete treatment of the subject of agriculture as it should be treated 
in the high school.?? Where manual skills in technical processes are 


2<<Tn order to develop a subject well, ... it is necessary to establish and 
maintain a favorable atmosphere for that particular field of mental activity, and 
this atmosphere is at its best only in the presence of students interested mainly 
in that subject; that is to say, there is no more favorable place in which the 
farmer may study chemistry than in company with others, not merely of his own 
kind, but of those who believe that chemistry is the greatest thing on earth.’’— 
Davenport, ‘‘ Education for Efficiency,’’ p. 103. 

‘‘Learning a business really implies learning the science involved in it. 
... A grounding in science is of great importance, both because it prepares for 
this and because rational knowledge has an immense superiority over empirical 
knowledge.’’—Spencer, ‘‘ Education,’’ Chap. I. 

<< Coarse, crude, rapid work must come before refined, delicate, painstaking 
work. . . . On the other hand, if we permit the child to take his own gait he 
will be likely to stop upon some low stage of development. ... To keep him at 
coarse, crude work continually would be a serious mistake. We must set the 
pace for him.’’—O’Shea, ‘‘Dynamie Factors in Edueation,’’ p. 168. 

‘“The most he knows at forty will be learned out of school, and... the 
business of the school is to give him a good start.’’—Davenport, ‘‘ Education 
for Efficiency,’’ p. 76. 

*¢ All our industries would cease were it not for that information which men 
begin to acquire as best they may after their education is said to be finished.’’ 
—Spencer, ‘‘ Education,’’ Chap. I. 

* When I speak of teaching agriculture in our high schools, I mean agricul- 
ture. I do not mean nature study, nor do I mean that some sort of pedagogical 
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to be tanght, or the quality of grosser products studied, independent 
class work must be provided throughout the course. Then there are 
certain scientific phases which must be pursued in class further than 
may be thought profitable to the science student, though the cases are 
not nearly so numerous as is generally supposed.?* Such training must 
be provided largely by collateral courses and from students’ projects 
carried on at their homes. And it is necessary that agricultural stu- 
dents who purpose to apply their knowledge to that vocation, be segre- 
gated late in the course for the treatment of the subject as whole, where 
its ideals may be developed and its various phases synthesized into an 
independent “ science of agriculture.” 

Could it be known at what stage a young person’s schooling is to 
cease, his best interests seem to dictate a previous substitution of imme- 
diately usable knowledge for mnch of that of merely “disciplinary ” or 
“preparatory ” value.** The practical difficulty of accomplishing such 


kink should be given to chemistry or botany or even geography and arithmetic. 
Let these arts and sciences be taught from their own standpoint, with as direct 
application to as many affairs of real life as possible; but let chemistry con- 
tinue to be chemistry. .. . Every high school that has a natural agricultural 
constituency of any considerable importance should put in a department of 
agriculture on the same basis as its department of chemistry.’ ’—Davenport, 
‘<Education for Efficiency,’’ p. 126, 

‘“A thorough grounding in the natural sciences is essential to thorough 
agricultural courses, but so long as the instruction is confined to the departments 
of pure science it has had, and will have, very little significance or importance 
to agriculture. . 

“<Tf the divisions of science were strictly adhered to we should have no such 
thing as agricultural science. ... The present-day plan for the classification of 
agricultural knowledge and its formulation into courses of instruction ... is 
based on the application in the natural divisions of agriculture, rather than- on 
its scientific origin... . A proposal to return to the former basis of the primary 
sciences would find scant indorsement among men who have studied the peda- 
gogics of agriculture.’’—Editorial in Experiment Station Record, January, 
1908, p. 402, 

s<<The sharp distinction between preparation for college and preparation 
for life is fading out... . So far as general culture is concerned, preparation 
for a higher school, rightfully conceived, coincides with preparation for life.’’ 
—Brown, ‘‘The Making of Our Middle Schools,’’ p. 438. 

*<<Vocational training is to be postponed as long as possible. It is to rest 
upon the most extended general schooling which the individual can get.’’— 
3rown. ‘‘The Making of Our Middle Schools,’’ p. 459. 

‘The human plant circumnutates in a wider and wider cirele, and the 
endeavor should be to prevent it from prematurely finding a support, to prolong 
the period of variation to which this stage of life is sacred, and to prevent 
natural selection from confirming too soon the slight advantage which any 
quality may temporarily have in this struggle for existence among many facul- 
ties and tendencies within us. The educational ideal is now to develop capacities 
in as many directions as possible.’ ’—TIIall, ‘‘ Adolescence,’’ Vol. IT., p. 8S. 

‘*Voceational trainmg ought not to be included in the six years that are 
sufficient for the elementary school course. .. .The grave error of the past has 
been to frame a school course on the hypothesis that every pupil was to go for- 
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purpose in our mixed schools is not only the inability of foreseeing and 
plauning for individual needs, but also in the inadequacy of funds and 
teachers to satisfy such needs. On the assumption that a high school 
course and no more is to be made available to every youth of the land, 
such needs, except for delinquents and defectives, may best be provided 
in the latter part of the high school course. 

This would mean the utilization of agriculture so far as applicable 
in the teaching of all subjects and all kinds of students, with a gradual 
increase of the purely vocational phases for such students as have 
elected agriculture as a yocation. Thus would the correlated sciences 
be better treated for their own purposes without greatly disturbing the 
present system of accrediting schools and subjects, leaving the accredit- 
ing of the strictly vocational subjects of the same school to be dealt with 
separately. And it is necessary, if we would secure the right kind of 
science teaching as well as vocational courses with thorough founda- 
tions, to have them taught in the same school, else may the one be 
divorced from its source of strength and the other become no more than 
elementary and baldly utilitarian. 

The “ preparatory ” value of the vocational side of the agricultural 
course may be considered apart from the reform of the sciences. It is 
this consideration that makes necessary the admission of educational 
values, until recently not recognized as such by schoolmen. First might 
be mentioned the significance to the young learner of testing by a mus- 
cular manipulation the objects of his environment. Such objects are 
of value as educational materials to the degree to which they call for 
necessary muscular adjustments similar to those which the race from 
the carliest times has experienced. Every sensation or thought, the 
psvchologists affirm, naturally stimulates a motor adjustment which 
reinforces the original sensory or central impulse which origmated the 
motion. And this “back stroke” from the muscle furnishing the 
unifying “kinesthetic factor” is a thing to be enconraged and not 
repressed, as has too often been done in school work.?* In the earliest 


ward in the most deliberate and amplest fashion to the study of the products of 
the intellectual life, regardless of the basis of his own economic support.’’— 
Butler, ‘‘Training for Vocation and for Avocation,’’? Educational Review, 
December, 1908, pp. 472-474. 

»«<We have lately become convinced that accurate work with carpenter’s 
tools, or lathe, or hammer and anvil, or violin, or piano, or pencil, or crayon, 
or camel’s hair brush, trains the same nerves and ganglia with which we do 
what is ordinarily called thinking.’ ’—Eliot, ‘‘ Education for Efficieney,’’ p. 38. 

‘‘Every mental state is a fusion of sensory and motor elements, and any 
influence that strengthens the one tends to strengthen the other also.’’—Baldwin, 
‘«Mental Development; Methods and Processes,’’ p. 440. 

‘“No serious thought is possible without some voluntary effort, and no 
emotion ever arises without inducing some form of action.’’—Judd, ‘‘Psychol- 
ogy,’’ p. 66. 
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years of childhood this need is most urgent, but may be regarded as 
always necessary in the nascent stages of any instinct. The instincts 
that pertain to vocation are born in adolescence, and agriculture, 
whether as a means or as an end, furnishes ideal materials and situa- 
tions with which to work. 

Akin to this kinesthetic factor is the value to the young of discov- 
ering and exercising his power of control over natural forces. Hitherto 
much of the work of the schoo] has trained a passive contemplation of 
the things which concern an education. Here is a subject that incites 
to action and rewards in a materia] way the efforts of the youth to take 
a hand in directing the outcome. He thus gains a much-needed train- 
ing in his power to get results and produce something of value to 
society.*6 

There is an educational factor of great and peculiar value known to 
our pioneer grandparents as hardship, but which we prefer to think 
sufficiently covered by the term responsibility. The educational value 
of responsibility has long been known, but to create situations for its 
exercise is an unheard of thing in education.*7 Perhaps it will never 
be possible to prescribe experiences that can be as valuable as the real 
crises of life, nor to be able to prejudge the ability of youth to arise to 
the occasion when the crisis comes. But if the attempt is to be made 
by the school to develop a sense of responsibility for the successful issue 
of an undertaking—and who shall say what the school may not under- 
take for the good of the young—certainly no one who has ever made 
the investment which even a small agricultural undertaking entails, and 
which can neither be delegated nor hastened, can deny the possibilities 
of this subject. 

‘«James, Hall, Dewey, Mosso, Wundt, Baldwin and others are preaching a 
new gospel. They are saying that the child’s thought is never dissociated from 
his muscles; that every idea has a motor aspect; that mind is in one sense a 
middle term between the senses and the muscles; that it functions for the pur- 
pose of guiding conduct; that an idea is not complete until it is realized in 
action. . 

‘“Viewed from the psychological standpoint it appears that muscular experi- 
ences are essential to the gaining of clear, definite, effective ideas in the world.’’ 
—O’Shea, ‘‘ Dynamic Factors in Education,’’ pp. 27-29. 

=<¢Properly thou hast no other knowledge but what thou hast got by work- 
ing: the rest is all a hypothesis of knowledge; a thing to be argued in schools, 
a thing floating in the clouds, in endless logical vortices, till we try and fix it.’’ 
—Carlyle, ‘‘Past and Present; The Blessedness of Work.’’ 

““The pupil must learn what nature is by trying what he can do with it; 
thus he measures it in terms of his own strength and skill, and discovers how it 
ean be manipulated; and it is this experience that holds vital knowledge, and 
that enlists genuine interest.’’—O’Shea, ‘‘ Dynamic Factors in Edueation,’’ p. 52. 

7<<QOne of the last sentiments to be developed in human nature is the sense 
of responsibility . .. in the development of which our carefully nurtured and 
protected youth of student age ... have had little training.’’—TIfall, ‘‘ Adoles- 
cence,’’ Vol. IL., p. 415. 
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Lastly, there are the unequaled opportunities of a soctological or 
missionary nature which come oftenest to one possessing practical 
knowledge and which if taken advantage of make him truly altruistic. 
Hitherto the real if not the admitted purpose of education has been the 
good of the educated, however much society, as a whole, may have 
profited from its educated members. But it is coming more and more 
to be recognized that no feature of an educational system, supported at 
public expense and whose single aim is citizenship, can be defended that 
does not contribute directly to social efficiency.*® Social efficiency in- 
eludes all that may be appropriate to the most utilitarian phases of 
industrial education, but it includes a good deal more. Racial better- 
ment must be the compelling motive. On the final test of social effi- 
ciency “he that is greatest among you shall be your servant.” 7° 

The evaluation of these hitherto unassumed school functions is, te 
him who insists that everything done in the school be assigned its proper 
* preparatory ” value in credits of admission to higher institutions, the 
difficult end of the problem of the adjustment of agriculture to the 
course of study. The purpose of the high school is to undertake them 
and do them to the best of its ability, leaving it to the college and uni- 
versity to worry over their pedagogical classification and estimation.*° 


s<<Viffort for the production of property is ethical, and the moment the 
child engages in it he places himself on the side of law and order in the eom- 
munity.’ ’—Hodge, ‘‘ Nature Study and Life,’’ p. 30. 

#3 ¢<No matter how full a reservoir of maxims one may possess, and no matter 
how good one’s sentiments may be, if one have not taken advantage of every 
concrete opportunity to act, one’s character may remain entirely unaffected for 
the better. ...A character is a completely fashioned will, and a will... is an 
aggregate of tendencies to act in a firm and prompt and definite way upon all 
the principal eniergencies of life... . Every time a resolve or a fine glow of 
feeling evaporates without bearing practical fruit is worse than a chance lost; it 
works so as positively to hinder future resolutions and emotions from taking the 
normal path of discharge. There is no more contemptible type of human char- 
acter than that of the nerveless sentimentalist and dreamer, who spends his life 
in a weltering sea of sensibility and emotion, but who never does a manly con- 
crete deed.’ ’—James, ‘‘ Psychology,’’ Vol. I., p. 125. 

‘¢Education must seek to develop social action. It can take no aceount of 
possible thought or feeling which exercises no influence upon one’s behavior. ... 
The school can not have for its leading principle the improvement of the indi- 
vidual as an isolated being.’’—O ‘Shea, ‘‘ Education as Adjustment,’’ p. 95. 

‘‘Education for culture alone tends to isolate the individual; education for 
sympathy with one's environment tends to make the individual an integral part 
of the activities and progress of his time.’’—Bailey, ‘‘The Nature-study Idea,’’ 
p. 63. 

3 ¢¢The interests of higher education will be better served by such prescrip- 
tion of college entrance requirements, and such tests of preparation, as will do 
most to vitalize instruction in the secondary schools.’’—-Brown, ‘‘The Making of 
Our Middle Schools,’’ p. 443. 
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THE LAWS OF ENVIRONMENTAL INFLUENCE 
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T(E relation of environment to heredity presents an issue that is 
becoming increasingly clear. J will state it in the words of Dr. 
F. A. Woods. “ Experimentally and statistically, there is not a grain 
of proof that ordinarily environment can alter the salient mental and 
moral traits in any measurable degree from what they were predeter- 
mined to be through innate influences.”? The premises of this state- 
ment lie in biology, while the conclusions must be verified by facts in 
social science. Dr. Woods implies that, for each virtue society holds 
dear and for each vice it condemns, there is a biologic character without 
the presence of which the virtue or the vice could not appear. ‘This 
position controverts the evidence of social science as to the basis on 
which virtues and vices rest. 

To discuss this problem, I must begin with the difference between 
the data of social and biologie sciences. Biology uses experiment and 
hence begins with germ cells: social science is based on observation and 
hence its data are the visible differences which the study of men affords. 
Both eall their data characters, but as a loose terminology creates con- 
fusion, I shall call the germinal variations the biologist finds through 
experiment characters, while the visible differences in men open to ob- 
servation I shall call traits. The problem then is what is the relation of 
biologie characters to visible traits? Is there a character for each trait, 
or do independent laws govern traits? ‘To answer these questions, 
traits must be divided into two classes; mental traits are measured by 
differences in thonght and expression while bodily traits denote external 
differences. Mental traits are again divided into social traits, which are 
impressed on individuals by society and physical traits which reflect 
brain activity. 

Physical traits do not correspond to the virtues and vices emphasized 
by society. There are only five that have social significanee—imitation, 
suggestion, sympathy, self-interest and will power. These have biologic 
antecedents. Social traits, however, change from environment to 
environment, from group to group and even from family to family. 
They are readily adopted, easily lost and have the marks of acquired 
characters. ‘The motives for adopting a virtue come to the individual 
through social influences. ‘The power in him leading to its acceptance is 
not due to some unit-character corresponding to the virtue in question, 
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but is the result of will power exercised in this particular direction. 
An abstainer from alcoholic drinks has no unit-character distinguishing 
him from those who drink. He uses his will power to create an ideal 
of abstinence from which habits grow up, making it easy for him to 
reject liquor. lis son, however, will have to go through the same proc- 
ess; nor is the effect diminished unless the temptation is reduced by the 
absence of opportunity. Bravery, honor, chastity, thrift, honesty and a 
host of other virtues are in the same position. They are due to one 
power manifested In many ways and not to many innate characters each 
nianifested inoneway. Canany one pick out the psychic or physical mark 
that accompanies these virtues? If not, it is more reasonable to assume 
that the virtues a man cherishes are due to the society of which he is a 
part and not to the germinal determinants that make up his heredity. 
The real difference between a virtuous person and a victim of vice is 
that the one has will power to resist temptation while the other lacks 
will power. The drunkard did not mean to become a drunkard, nor 
did anything in his make-up force him to become one. He merely 
wanted to enjoy himself and failed to exercise his will power in restraint 
of temptation. The same is true of the prostitute. There is no race 
trait separating her from other women. Lacking home restraints, she 
drifted into vice, with the result that she was excluded from all social 
relations except those of her occupation. Vice is not a physical abnor- 
mality, but the lack of will power or of a restrictive social environment. 
The negative of each virtue is a vice, and it appears when the contrasted 
virtue is not evoked. Both are social in origin and in neither case are 
there special unit characters except those involved in the expression of 
will power. A single determinant coupled with a favorable environ- 
ment gives reality to all the virtues. The lack of will power plus 
temptation is vice; the growth of will power minus temptation is virtue. 
These two forces make the difference that exists between the good and 
the bad. 

Criminal traits differ from virtues and vices in that they have a 
physical background. The study of degeneration carried on by Lom- 
broso and his disciples shows that they are biologic characters. They 
represent, however, reversions and not creations. They are thus due 
not to alterations in the germ cell by which it gets more or different 
determinants, but to retardations in development by which a full 
expression of inherited traits is prevented. The criminal has had his 
growth checked, so that he expresses not the full power of his race, but 
the traits of this race at some earlier period. To hate, to envy, to be 
brutal are atavistic traits natural to his ancestors, but now suppressed 
by the full development of normal powers. Their sources are therefore 
the sources of retardation ; they must be studied as examples of retarda- 
tion and not of germ cell development. 
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The environment of a man changes not as he moves from place to 
place, but as lis income is raised or lowered. A change from $10 to $20 
a week alters radically the conditions under which a family lives and 
gives to its members other motives and temptations than those that 
moved them in their earlier period. Two contrasted conditions result. 
A condition of surplus where choices are large and a condition of 
deficit where physical wants are seldom met. Each of these states have 
visible effects that can be readily traced. A state of deficit affecting 
children results in defective bodily development. The child matures 
more rapidly and loses the plasticity of mind and body which better 
nourished children possess. This means the appearance of atavistic 
traits which in turn promote criminal tendencies. <A state of deficit is 
thus the cause of crime and of those peculiarities that accompany the 
retardation of development. Families under its influence falling below 
the normal standard approximate in thought and character the condi- 
tion of distant ancestors. Deficit and retardation are different phases 
of one group of tendencies. Deficit is the cause; retardation is an 
effect. ‘The result is the increase of crime and the loss of moral tone. 

The deterioration due to a deficit is not more marked than that 
due to a surplus. An animal eats freely and even gorges itself without 
injury because the energy to acquire food must always be kept active in 
order to assure survival. Men, however, separate action from enjoy- 
ment; those who are favored in income ean expand their consumption 
without correspondingly increasing their activity. The constant stimu- 
Jation of appetite and the overworking of organs to relieve the system 
of its load leads to morbidness and disease. It also results in the 
creation of toxic substances which poison the body and depress mental 
activity. These evils react on the will and reduce its power to control 
thought and activity. With the decay of will power the moral virtues 
are undermined. The victim of mdulgence thus sinks into vice and 
drifts mto evils that an active will power would have avoided. Morbid- 
ness, disease, auto-intoxication, a weak will and vicious inclinations 
appear when social conditions throw into the hands of individuals a 
surplus that permits a cessation of strenuous activity. 

Surplus and deficit are thus equally dangerous. ‘Those in want have 
their development retarded and suffer from the evils bound up with this 
condition. Those whose surplus permits satiety and idleness suffer 
with equal severity from a train of evils that flows from morbid condi- 
tions. Moral, vicious and criminal traits thus vary with objective con- 
ditions and are marks of bodily states that depend on the surplus and 
deficit of society. The result is the sinking of the race into a sub- 
normal condition from which there is no relief until economic condi- 
tions are altered. Normality is increased by taking from the surplus of 
the prosperous and adding to the welfare of those injured by poverty. 
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It is not increased by an elimination which merely changes the char- 
acter of defects without reducing their amount. Vices are the negative 
of will power: criminal traits are the negative of development. They 
are not independent characters corresponding to changes in the germ 
cell. 

The main result of the preceding discussion is to show that the 
unit-charactcrs of the germ-cell do not correspond to the moral and 
immoral traits made emphatic in social science. The biologic char- 
acters important in social science are few in number, of which will 
power is the only one on which the present progress of the race depends. 
Social traits correspond to the peculiar conditions in which society 
finds itself and they grow in number as the complexity of the environ- 
ment increases. Chastity, thrift or temperance indicates desirable 
social conditions which are pictured in the ideal they create. There 
could be forty such characters with no biologic change except a growth 
of will power. Progress in man is due to concentration of energy. The 
central organs, the brain and its adjuncts, have grown at the expense 
of the terminal organs such as the hand, foot, teeth and jaw. More 
energy goes to the brain and less to the external structures of vital im- 
portance to lower animals. This concentration of energy results in the 
prolongation of childhood, the growth of psychic powers and the 
dominance of will over instinct. But at the same time it creates a def- 
icit in terminal organs which forces them into a state of decay. The 
marks of these changes are the psychic effects revealed in thought and 
the regressive effects seen in terminal organs. A single biologic tend- 
ency could thus create all the difference that separates man from other 
animals. 

We are now in a position to discuss the variations that create dif- 
ferences between parent and child. One source of difference is degen- 
eration, caused by a surplus of nutriment. This clogs the system, 
produces morbidness and creates auto-intoxication. The final mark is 
a weak will. The lack of central contro! is prominent in degeneration 
and leads to many manifestations of which hysteria is an example. A 
second difference of parent and child is due to retardation. Each or- 
ganism in its development repeats the history of its ancestors. An im- 
perfect recapitulation means that the growth of the child stops short 
of the development of the normal ancestor. From this source many 
variations arise. A third difference between parent and child is caused 
by regression. As distinguished from degeneration and retardation, 
regression is only partial indicating real progression in unobserved 
parts. In man the terminal organs fail to come up to the standard 
set by earlier development. ‘The central organs, however, are progres: 
sive and their growth is the real cause of the regression of terminal 
organs. 
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No terminal organ will attain its full development except under 
the stimulus of constant use. In a blacksmith’s arm the stimulus 
causing its growth is in his mind and not in his arm. He wants cer- 
tain goods and the way to get them is to use his arm as a smith. The 
positive side of his development is psychic through which a greater 
appreciation of goods arises. This leads to work; work involves exer- 
cise and exercise leads to growth of the arm. In the case of a musician 
the stimulus that develops the hand is in his appreciation of music. So 
long as the love of music persists the stimulus is present which arouses 
the peculiar growth in the arm. Instead therefore of a new modifica- 
tion in the germ cell being needed to perpetuate the modification of the 
musician’s arm the germ-cell modification has already been made. It 
exists in the psychic variation creating the love of music. While 
this persists, the stimulus is present that forces the right growth in the 
arm. The arm of the musician as compared with that of a laborer is 
regressive but the stimulus that comes from a love of music keeps ac- 
tive a group of muscles and leads to their growth. There is a general 
terminal regression counteracted in specific cases by the stimulus due 
to the activity of central organs. This, J believe, will be found true 
of all cases purely regressive. They are the effects of progressive 
changes in the central organs. They should not be confused with 
degeneration and retardation which indicate a real backward movement. 

The other ways in which parent and child differ are through in- 
jury and recovery. Any child may be injured in ways that will affect 
subsequent growth. So in turn he may be free from injuries of parents 
or, what is more important, his environment may be so modified that 
injuries to which they were subjected become less frequent or disap- 
pear. Ancestors may suffer injury from a disease like malaria or from 
a parasite like the hook worm for so long a time that the injury seems 
inherited. A change of environment, however, may prevent the in- 
jury and bring back the children to normal standards. Recoveries of 
this sort are as frequent as the injuries that depress; they need recog- 
nition in any scheme to present the differences between parent and 
child. 

It may seem from the last paragraphs that I am getting over into 
biology where other persons are a better judge of the facts than I am. 
The change of attitude is, however, more apparent than real. The 
traits of men and the facts about degeneration were observed long be- 
fore biology became a science. What biology has done is not to dis- 
cover new traits, but to enable us to classify them and to show their 
causes. Only the most obvious facts of biology are needed for this 
purpose, and they are of importance not to help observation, but to 
point out remedies. That riches caused men to degenerate and that 
poverty retards the development of the poor are well-established facts. 
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They show that states of surplus and deficit affect not only moral 
traits but also create degeneration and retardation. Psychology, how- 
ever, has added a clearly defined cause of non-development which had 
escaped notice. The growth of an organ depends partly on the direc- 
tion given to growth by the unit characters of the germ-cell and partly 
to the use to which it is put. Even if the forces of the germ-cell are 
normal no organ will fully develop without constant exercise. Regres- 
sion in an organ will take place if the stimuli to exercise are absent. 
These stimuli lie not in the organ, but in the brain cells. Mental ac- 
tivity may fail from three causes. Psychic traits may be inactive 
through degeneration: they may not develop because of retardation: or 
the environment may lack the elements that arouse their activity. In 
each of these cases the trouble lies in objective facts mainly if not 
solely of an economic nature. Regressions do not differ in their origin 
from degenerations and retardations. They all arise from defects in 
the environment and thus do not indicate changes in the unit-char- 
acters of the germ-cell. 

A study of man should begin with his social nature and with the 
degenerate forces at work within him. These two problems run into 
each other because it is man’s socia] nature that has stopped elimina- 
tion. Society uses its nurture to keep the weak alive and hence im- 
proved conditions means not progress but degeneration. A second dif- 
ference between men and animals arises out of the social classes which 
differences in income create. The poor are in this way subject to ex- 
ploitation and held in the grip of want. Dr. Woods says men have 
choices and can escape their environment. This is in a degree true 
of the higher income levels but not of the poor. Their fate is as definite 
and as objective as that of any lower animal. Along with poverty goes 
physical retardation, and the two combined are responsible for the 
mass of traits associated with the poor. A full maturity depends on 
the stimuli that evoke activity and hence promote growth. These 
stimuli are psychic traits made active in men by contact with the eco- 
nomic environment. This means that wealth is needed to place around 
each family the proper objects to excite interest: without them the 
psychic powers are dormant and the physical are regressive. 

The environment of a man is determined not by his geographical 
habitat, but by his income. The various income levels of society create 
as marked differences in men as differences in latitude do in animals. 
The influence of environment on man is therefore not less but dif- 
ferent from the same influence on animals. All virtues and defects in 
men are environmental. The virtues are social; the defects are de- 
generations, retardations and regressions. Most observable traits come 
under these heads. They change with the environment and not with 
the germ cell. Only those changes that are really progressive can be 
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attributed to the germ-cell. All other traits can be traced directly or 
indirectly to social or nutritive alterations. Heredity is the one power 
that can transform man into a superman and we must rely on it to 
reach this higher level. The actual problems we face to-day are those 
of degeneration. We must get rid of the subman before we can rise to 
the superman’s level. The subman is made by environment as truly as 
the superman will be made by heredity. We must therefore act 
through objective agencies until the normal in men has been evoked. 
Are social traits acquired or natural? Is degeneration in man due to 
bad environment or to heredity? These are the problems which must 
be fairly faced and definitely solved before it can be justly claimed that 
man is freer from environmental contro] than are the lower forms of 
animal life. 
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By ProFrEessor EDWARD ALSWORTH ROSS 
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UT of ten children born among us three, normally the weakest 
three, will fail to grow up. Out of ten children born in China 
these weakest three will die and probably five more besides. The dif- 
ference is owing to the hardships that infant life meets with among 
the Chinese. If at birth the white infants and the yellow infants are 
equal in stamina, the two surviving Chinese ought to possess greater 
vitality of constitution than the seven surviving whites. For of these 
seven the five that would infallibly have perished under oriental con- 
ditions of life are presumably weaker in constitution than the two who 
could have endured even such conditions. The two Chinese survivors 
will transmit some of their superior vitality to their offspring; and 
these in turn will be subject to the same sifting and the surviving two 
tenths will pass on to their children a still greater vitality. So that 
these divergent child mortalities drive, as it were, a wedge between the 
physiques of the two races. If, now, for generations we whites, owing 
to room and plenty and scientific medicine and knowledge of hygiene 
have been subject to a less searching and relentless elimination of the 
weaker than the Chinese, it would be reasonable to expect the Chinese 
to exhibit a greater vitality than the whites. 

With a view to ascertaining whether the marked slackening in our 
struggle for life during the last century or two and our greater skill in 
keeping people alive has produced noticeable effects on our physique, 
I closely questioned thirty-three physicians practising in various parts 
of China, usually at mission hospitals. 

Of these physicians, only one, a very intelligent German doctor at 
Tsing tao, had noticed no point of superiority in his Chinese patients. 
He declared them less enduring of injury, less responsive to treatment 
and no more enduring of pain than the simple and hardy peasants of 
Thuringia amongst whom he had formerly practised. Three other 
physicians, each of whom had practised a quarter century or more in 
China, had observed no difference in the physical reactions of the two 
races. I faney their recollections of their brief student practise at 
home had so faded with time that they lacked one of the terms of the 
comparison. Moreover, two of these admitted under questioning that 
the Chinese do stand high fevers remarkably well and that they do 
recover from blood poisoning when a white man would die. 

The remaining twenty-nine physicians were positive that the 


404 THE POPULAR SCIENCE MONTHLY 


Chinese physique evinces some superiority or other over that of their 
home people. As regards surgical eases, the general opinion is voiced 
by one English surgeon, who said, “They do pull through jolly well!” 
It was commonly observed that surgical shock is rare, and that the pro- 
portion of recoveries from serious cuttings is as high in the little poorly 
equipped, semi-aseptic mission hospitals of China as im the perfectly 
appointed, aseptic hospitals at home. Dr. Kinnear, of Foochow, re- 
cently home from a furlough in Germany, found that in treating 
phlegma of the hand he with his poor equipment and native assistants 
gets as good results as the great von Bergman working under ideal 
conditions on the artisan population of Berlin. The opinion prevails 
that under equal conditions the Chinese will make a surer and quicker 
recovery from a major operation than the white. 

Many never get over being astonished at the recovery of the Chinese 
from terrible injuries. I was told of a eoohe who had his abdomen 
torn open in an aceident, and who was assisted to a hospital supported 
by a man on either side and holding his bowels in his hands. He was 
sewed up and in spite of the contamination that must have gotten into 
the abdomen, made a quick recovery. Amazing also is the response to 
the treatment of neglected wounds. A boy whose severed fingers had 
been hastily stuck on any how and bound up with dirty rags came to 
the hospital after a week with a horrible hand and showing clear symp- 
toins of lockjaw. They washed his hand and sent him home to die. 
In three days he was about without a sign of lockjaw. A man whose 
fingers had been crushed under a cart some days before came in with 
blood poisoning all up his arm and in the glands under the arm. The 
trouble vanished under simple treatment. A patient will be bronght in 
with a high fever from a wound of several days standing full of mag- 
gots; yet after the wound is cleaned the fever quickly subsides. A 
woman who had undergone a serious operation for caneer of the breast 
suffered infection and had a fever of 106°, during which her husband 
fed her with hard water chestnuts. Nevertheless, she recovered. 

Nearly all are struck by the resistance of the Chinese to blood 
poisoning. From my note books I gather such expressions as “ Blood 
poisoning very rare. More resistant than we are to septicemia.” 
“elative immunity to pus-producing germs.” “ More resistant to 
gangrene than we are. Injuries which at home would cause serious 
gangrene do not do so here.” Peeuliarly resistant to infection.” 
“With badly gangrened wounds in the extremities show very little 
fever and quickly get well.’ “Women withstand septicemia in ma- 
ternity cases wonderfully well, recovering after the doctors have given 
them up.” “ Recover from septicemia after a week of high fever that 
would kill a white man.” No wonder there is a saying rife among the 
foreign doctors, * Donut give up a Chinaman till he’s dead.” 
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In the south where foot binding is not prevalent the women bear 
their children very easily, with little outcry, and are expected to be up 
in a day or two. Dr. Swan, of Canton, testifies that more than once on 
ealling for a sampan to take him across the river he has been asked to 
wait a quarter or a half hour. By that time the mistress of the boat 
would have given birth to the child, laid it in a corner among some 
rags and be ready to row him across. In childbirth the woman attended 
by a dirty old mid-wife in a filthy hovel escapes puerperal fever under 
conditions that would certainly kill a white woman. In eases of dif- 
ficult birth when after a couple of days the white physician is called in 
and removes the dead infant, the woman has some fever but soon 
recovers. The women, moreover, are remarkably free from displace- 
ments and other troubles peculiar to the sex. 

Living in a super-saturated, man-stifled land, profoundly ignorant 
of the principles of hygiene, the masses have developed an immunity 
to noxious microbes which excites the wonder and envy of the foreigner. 
They are not affected by a mosquito bite that will raise a large lump 
on the lately come foreigner. They can use contaminated water from 
eanals without incurring dysentery. There is very little typhoid and 
what there is is so attenuated that it was long doubted to be typhoid. 
The fact was settled affirmatively only by laboratory tests. All physi- 
cians agree that among the Chinese smallpox is a mild disease. One 
likened it to the mumps. Organic heart trouble, usually the result of 
rhenmatic faver, is declared to be very rare. 

Tt is universally remarked that in taking chloroform the Chinese 
rarely pass through an excited stage, but go off very quietly. From 
after nausea they are almost wholly free. One physician of twenty- 
five years’ practise has never had a death from chloroform, although he 
has not administered ether half a dozen times. The fact is, however, 
they stolidly endure operations which we would never perform without 
an anesthetic. Small tumors are usually thus removed and in extract- 
ing teeth gas is never administered. Sometimes extensive cutting—- 
e. g., the removal of a tumor reaching down into and involving the 
excision of the decayed end of a rib—is borne without flinching. Only 
three physicians interviewed had failed to remark the insensibility of 
their patients to pain. Ilere, perhaps, is the reason why no people in 
the world have used torture so freely as the Chinese. This bluntness 
of nerve, however, does not appear to be universal. The scholars, who 
usually neglect to balance their intense brain work with due physical 
exercise, are not stoical. The meat-eating and wine-bibbing classes 
lack the insensibility of the vegetarian, non-alcoholic masses. The self- 
indulgent gentry who shun all activity, bodily or mental, and give them- 
selves up to sensual gratification, are very sensitive to pain and very 
fearful of it. Some make the point, therefore, that the oft-noted dull- 
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ness of sensibility is not a race trait, but a consequence of the involun- 
tary simplicity and temperateness of life of the common Chinese. 

One doctor remarks that at home it is the regular thing for a 
nervous chill to follow the passing of a sound into the bladder, whereas 
among his patients it seldom occurs. Another comments on the rarity 
of neurasthenia and nervous dyspepsia. The chief of the army medical 
staff points out that during the autumn maneuvers the soldiers sleep 
on damp ground with a little straw under them without any ill effects. 
I have seen coolies after two hours of burden-bearing at a dog trot 
shovel themselves full of hot rice with scareely any mastication, and 
hurry on for another two hours. A white man would have writhed 
with indigestion. The Chinese seem able to sleep in any position. I 
have seen them sleeping on piles of bricks, or stones, or poles, with a 
block or a brick for a pillow and with the hot sun shining full into the 
face. They stand a cramped position longer than we can and can 
keep on longer at monotonous toil unrelieved by change or break. 

But there is another side to the comparison. There is little pneu- 
monia among the Chinese but they stand it no better than we do, some 
say not so well. There is much malarial fever and it goes hard with 
them. In Hong Kong they seem to succumb to the plague more read- 
ily than the foreigners. Among children there is heavy mortality from 
measles and scarlet fever. In withstanding tuberculosis they have no 
advantage over us. While they make wonderful recoveries from high 
fevers they are not enduring of long fevers. Some think this is because 
the flame of their vitality has been turned low by unsanitary living. 
They have a horror of fresh air and shut it out of the sleeping apart- 
ment, even on a warm night. In the mission schools, if the teachers 
insist on open windows in the dormitory, the pupils stifle under the 
covers lest the evil spirits flying about at night should get at them. 
The Chinese grant that hygiene may be all very well for these weakly 
foreigners, but see no use in it for themselves. It is no wonder, there- 
fore, that their school girls can not stand the pace of American school 
girls. Often they break down, or go into a decline or have to take a 
long rest. In the English mission schools with their easicr pace the 
girls get on better. 

Here and there a doctor ascribes the extraordinary power of resist- 
ance and recuperation shown by his patients entirely to their diet and 
manner of life and denies any superior vitality in the race. Other 
doctors practising among the city Chinese insist that the stamina of the 
masses is undermined by wretched living conditions, but that under 
equal circumstances the yellow man has a firmer hold on life than the 
white man. 

From the testimony it is safe to conclude that at least a part of the 
observed toughness of the Chinese is attributable to a special race vital- 
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ity which they have acquired in the course of a longer and severer 
elimination of the less fit than our North-European ancestors ever ex- 
perienced in their civilized state. Such selection has tended to foster 
not so much bodily strength or energy as recuperative power, resist- 
ance to infection and tolerance of unwholesome conditions of living. 
For many centuries the people of south and central China, crowded 
together in their villages or walled cities, have used water from con- 
taminated canals or from the drainings of the rice ficlds, eaten of the 
scavenging pig or of vegetables stimulated by the contents of the cess- 
pool, huddled under low roofs, on dirt floors, in filthy lanes, and slept 
in fetid dens and stifling cubicles. Myriads snecumb to the poisons 
generated by overcrowding and hardly a quarter of those born live to 
transmit their immunity to their children. The surviving fittest has 
been the tvpe able to withstand foul air, stench, fatigue toxin, damp- 
ness, had food and noxious germs. I have no doubt that if an Ameri- 
can population of equal size lived in Amoy or Soochow as the Chinese 
there live, a quarter would be dead by the end of the first summer. 
But the toughening takes place to the detriment of bodily growth and 
strength. Chinese children are small for their age. At birth the in- 
fants are no stronger than ours. The weaker are more thoroughly 
weeded out, but even the surviving remnant are for a time weakened 
by the hardships that have killed the rest. 

I would not identify the great vitality of the Chinese with the 
primitive vitality you find in Bedouins, or Sea Dyaks, or American 
Indians. This early endowment consists in unusual muscular strength 
and endurance, in normality of bodily functions, and in power to bear 
hardship and exposure. It does not extend to immunity from disease. 
Subjected to the conditions the civilized man lives under savages die 
off like flies. The diseases that the colonizing European communi- 
cates to nature men clears them away more swiftly than his gunpowder. 
Entrance upon the civilized state entails a universal exchange of dis- 
ease germs and the necessary growth of immunity. Now, it is pre- 
cisely in his power to withstand the poisons with which close-dwellers 
infect one another that the Chinaman is unique. This power does not 
seem to be a heritage from his nomad life of five or six thousand years 
ago. It is rather the painful acquisition of a later social phase. It 
could have grown up only in congested cities, or under an agriculture 
that contaminates every growing plant, converts every stream into an 
open sewer, and fills the land with mosquito-breeding rice fields. Such 
toleration of pathogenic microbes las, perhaps, never before been de- 
veloped and it certainly will never be developed again. Now that man 
knows how to clear away from his path these invisible enemies, he will 
never consent to buy immunity at the old cruel price. 

To the west the toughness of the Chinese physique may have a sin- 
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ister military significance. Nobody fears lest in a stand-up fight Chin- 
ese troops could whip an equal number of well-conditioned white 
troops. But few battles are fought by men fresh from tent and mess. 
In the course of a prolonged campaign involving irregular provision- 
ing, bad drinking water, lying out, loss of sleep, exhausting marches, 
exposure, excitement and anxiety, it may be that the white soldiers 
would be worn down worse than the yellow soldiers. In that case the 
hardier men with less of the martial spirit might in the closing grapple 
beat the better fighters with the less endurance. 

In view of what has been shown the competition of white laborers 
and yellow is not so simple a test of human worth as some may imag- 
ine. Under good conditions the white man ean best the yellow man in 
turning off work. But under bad conditions the yellow man can best 
the white man, because he can better endure spoiled food, poor eloth- 
ing, foul air, noise, heat, dirt, discomfort and microbes. Reilly can 
outdo Ah San, but Ah San ean underlive Reilly. Ah San can not take 
away Reilly's job as being a better workman; but, because he ean live 
and do some work at a wage on which Reilly can not keep himself fit 
to work at all, three or four Ah Sans can take Reilly’s job from him. 
And they will do it too, unless they are barred out of the market where 
Reilly is selling his labor. Reilly’s endeavor to exclude Ah San from 
his labor market is not the case of a man dreading to pit himself on 
equal terms against a better man. Indeed, it is not quite so simple and 
selfish and narrow-minded as all that. It is a case of a man fitted to 
get the most out of good conditions refusing to yield his place to a 
weaker man able to withstand bad conditions. 

Of course, with the coming in of western sanitation, the terrible 
selective process by which Chinese toughness has been built up will 
come to an end, and this property will gradually fade out of the race 
physique. But for our time at least it is a serious and pregnant fact. 
It will take some generations of exposure to the relaxing effects of 
drains, ventilation, doctors, district nurses, food inspectors, pure water, 
open spaces and out-of-door sports to eradicate the peculiar vital- 
ity which the yellow race has acquired. During the interim the chief 
effect of freely admitting coolies to the labor markets of the west would 
be the substitution of low wages, bad living conditions and the increase 
of the yellow race for high wages, good living conditions and the in- 
erease of the white race. 
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LANGLEY MEMOIR ON MECH AN- 
ICAL FLIGHT 


In the development of mechanical 
flight the United States has taken an 
honorable place both in theory and in 
practise. The work of Langley, Cha- 
nute and the Wright brothers can uot 
be paralleled by any other nation. 
While in many directions we have done 
more than our share in mechanical in- 
vention, it has often happened that we 


have depended on Great Britain, 
France and Germany for scientific 
principles, But Langley was an emi- 


nent physicist and Chanute a leading 
engineer. It is interesting to know 
how far their achievements in saero- 
nautics were based on mathematies and 
physical research and how far on em- 
pirical trials. The Langley ‘‘ Memoir 
on Mechanical Flight,’’ just published 


by the Smithsonian Institution, gives 


full details in regard to the work done 
by Langley and under his direction. 
The first part of the volume was in the 
main written by him in 1897; the 
second part, dealing with. further ex- 
periments with the small models and 
with the large aerodrome, has been 
written by Mr. Charles M. Manly, who 
hecame assistant in charge of the ex- 
periments in 1898, 

In 1891 Langley announced as the 
result of experiments carried on 
through previous years that machines 
could be constructed which would give 
such a velocity to inclined surfaces 
that bodies indefinitely heavier than 
the air could be sustained upon it and 
moved through it at a great speed. 
As a result of experiment and theory 
it was proved that one-horse power 
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would propel and sustain in horizontal 
flight at a velocity of about forty 
miles an hour a little over 200 pounds. 
Langley’s experiments were in the 
main made with a whirling-table which 
forces the model to move in horizontal 
flight and at a fixed angle. In 1887, 
however, he began experiments with 
free-flying models at the Allegheny 
Observatory, following Pinaud in 
using twisted rubber as motive power. 
Some forty models were made, but 
while, as Pinaud had shown, a small 
toy could be made to fly for a few 
seconds, the motive power was inade- 
quate for a larger machine or a longér 
flight. 

In 1891 Langley began the construe- 
tion of « steam engine. Daimler had 
invented the internal-combustion en- 
gine in 1885, but its possibilities were 
not at first realized, and it was neces- 
sary to wait for the development of 
the automobile to demonstrate the re- 
markable combination of power and 
lightness in an engine which has made 
possible the contemporary aeroplane. 
After innumerable experiments a steam 
engine was constructed weighing about 
six pounds and of approximately one- 
horse power. An aerodrome, chiefly of 
steel, weighing, apart from fnel and 
water, about twenty-four pounds, was 
Jannehed on the Potomae River on May 
6, 1896, and flew for over half a mile. 
It alighted with safety and performed 
a second flight on the same day. This 
was a performance of great historic 
interest. The paths of the aerodrome 
ou May 6 and again on November 28 
are here reproduced, as also an instan- 
taneous photograph of the aerodrome in 
the air, which bears a remarkable re- 
semblance to a contemporary picture. 

In 1898 the board of ordnance and 
fortifications of the war department 
appropriated $50,000 for experiments 
with a man-carrying aerodrome. Lang- 
ley was at first indisposed to complete 
the work which he had earried so far, 
beheving that might be left to com- 
mereia] enterprise. It was, however, 
undertaken with the assistance of Mr. 
Manly, who now deseribes the results 
in this memoir. The great difficulty, 
as before, was with the engine. A 


AERODKOME IN THE ATR DURING ITS 
aa ta & 
Fuigiur ox May 6, 1896. New York builder could not supply the 
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AERODROME 


gasoline engine for which he had con- 
tracted; no European builder thought 
it possible to supply a twelve-horse 
power engine weighing as little as 200 
pounds. Mr. Manly at the end of the 
year 1901 had succeeded in construct- 


No. 5 ON LAUNCHING-WAYS. 


My. Manly in control, was launched. 
The trial ended disastrously, owing to 
an accident by which a guy-post caught 
in the launching gear. My. Manly nar- 
rowly escaped drowning through en- 
tanglement in the wrecked machine. 


ing an engine of fifty-horse power, Te showed great courage in again re- 


weighing ahout 200 pounds. 

After Jong-continned experiments in 
adjusting the engine, the aerodrome 
was made ready for trial. The house- 
boat and launching gear caused innu- 


peating the experiment under unfavor- 
able conditions on December 8, when 
again the launching gear was at fault, 


j wad the nerodrome had no opportunity 


to demonstrate its power of flight. 


merable difieulties but on October 7,; Owing mainly tu ridicule in the news- 


1903, at 12.20 p.m. the aerodvome, with 


papers and the fear of its effect on 


PLIGUT OF LARGE AERODROME, 


OcroBER 7, 1908. 
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Congress the anny board was unwilling 
to continue the work. In the mean- 
while the Wright brothers had begun 
their experiments with flying machines 
and in the year of the trial of the 
Langley aerodrome accomplished their 
first fight with a motor, In 1905 they 
remained in the air for half an hour, 
but it was not until 1908 that they 
fully demonstrated the practicability 
of sustained flight. Langley died on 
February 1906, at the beginning 
of the era of mechanical flight to 
which his researches had so largely 
contributed, 


Oi 


THE ADDRESS OF THE PRESI- 
DENT OF FHE BRITISH 


eS SOLITON: 

Str WILLIAM RAMSAY presided over 
the revent meeting of the British Asso- 
ciation for the Advancement of Sctence 
at Portsmouth, and, like many of his 
predecessors in the chair, made an ad- 
dress that is of very general interest. 
He eave n clear nevonut of ancient and 
modern views reearding the chemical 
elements, Tayine, as is natured, much 
stress on the vew discoveries ino which 
he hinself lis taken sueh a Jeading 


part. It is not possible to review the 


AERODROVE, 


OcTOBER 7, 1908, 


marvelous story of the recent develop- 
ments of chemistry more concisely than 
is done in the addr ss. It is of interest 
to note that sir William Ramsay main- 
tains, though rather incidentally, the 
validity of his experiments from which 
he coneluded that the metal copper is 
converted partially into lithium by the 
energy radiated from radium, and that 
thorium, zirconium, titanium and sili- 
ron are degraded into carbon. It will 
be remembered that Madame Curie was 
unable to confirm these results. 

Sir William Ramsay passes from the 
disintegration of the atom to the ques- 
tion of the available supply of energy, 
especially for Great Britain, He tells 
as that each Greek freeman lad _ five 
helots who did bis bidding, saving him 
from manual labor and giving. Athens 


iis preeminence in literature and 
thought, but that people in’ Great 


Sritain ave still better off, each family 
having twenty helots tepresented by 
the consumption of fifty million tons 
of coal annually. It is this coal which 
has given England its great wealth and 
conunereial supremacy, At the present 
rate of increase of consumptien the 
supply with be exhausted within 175 
years, and there appears to be nothing 
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to take its place. 
Sir William Ramsay can give is to use 
it economically, Ife, however, calls at- 


tention to the forestry systems of Ger-_ 


many and France, and the efforts in 


this country on behalf of conservation. © 


He reminds us of the enormous quan- 
tity of energy stored up in radium and 
its coustituents. If the energy of a 
ton of radium could be utilized in 
thirty years, instead of being evolved 
at its invariable slow rate of 1,760 
years for half-disintegration, it would 
suffice to propel a ship of 15,000 tons, 


with engines of 15,000 horse power, at_ 
the rate of 15 knots an hour, for 30 


years—practically the lifetime of the 
ship. To do this actually requires a 
million and a half tons of coal. We 
are told, however, that the production 
of radium will never surpass half an 
ounce a year. If, however, the ele- 


ments which we have been used to re-— 


gard as 
changing with evolution of energy, and 


permanent are capable of | 


if some form of catalyzer could be dis- | 


covered which would increase their slow 
rate of change, then a boundless supply 
of energy wonld be available for the 
human race, Sir William Ramsay says 
that it would be folly to consider seri- 
ously a possible supply of energy in an 
acceleration of the liberation of energy 
by atomie change; but he concludes the 
address with the remark that while 
radioactive substances are in all proba- 
bility ineapable of industrial applica- 
tion, apart from medicine, their study 
has shown us to what enormous ad- 
vances in the concentration of energy 
it is permissible to look forward, with 
the hope of applying the knowledge 
thereby gained to the betterment of 
the human race. 


THE DIRECTOR OF THE AMER- 
ICAN MUSEUM OF NATURAL 
HISTORY 
Dr. FREDERIC A. Lucas, recently 
appointed director of the American 
Museum of Natural History, was born 
im Plymouth, Mass., in 1852. At 
the age of nineteen he entered Ward’s 
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The best advice that Natural Science Establishment, a com- 


mercial museum for the preparation of 
natural history objects of all kinds. 
Here he acquired his first practical 
training in the preparation of natural 
history specimens, including the mount- 
ing of birds, mammals and other verte- 
brates, the preparation and mounting 
of skeletons and casts of fossils, and in 
time he became manager of the estab- 
lishment. During his connection with 
the famous Rochester institution two of 
his colleagues were William T. Horna- 
day and Charles H. Townsend, and it 
is noteworthy that these three men who 
were working together thirty-one years 
ago should one after another have been 
called to direct the work of three of 
the most important institutions of the 
kind in this country if not in the world 
—the American Museum of Natural 
History, the New York Zoological 
Park and the Aquarium. 

In March, 1882, Dr. Lucas was called 
to the United States National Museum 
as osteologist. He is to be credited 
with the assembling, preparation, 
mounting, classifying and labeling of 
the fine osteological hall of the Na- 
tional Museum. He was gradually 
promoted until in 1902 he was placed 
in charge of all the exhibits of the 
department of biology. 

His admirable work in the National 
Museum and long experience in mu- 
seum methods of preparation and ex- 
hibition, as well as his growing reputa- 
tion as an investigator and writer, led 
to his selection as curator-in-chief of 
the Museum of the Brooklyn Institute 
of Arts and Sciences, where he had 
free play for his talents. Dr. Lucas’s 
work in the Brooklyn Museum has been 
marked not only by great activity in 
the acquisition of specimens and col- 
lections but also by rare originality in 
the display of natural history objects, 
especially for the purpose of bringing 
out principles of zoology and classifica- 
tion in such a manner as to both attract 
and instruct all classes of visitors. He 
is practically the originator of the 
small but admirably arranged collection 


Dr. FREDERIC A, LUCAS, 
Director of the American Museum of Natural History. 
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of vertebrates there, and no better nor 
more scientific installations of mam- 
mals are to be seen in any museum. 
The arrangement and labeling both 
from scientific and artistic standpoints 
are unique. 

The especial purpose of the president 
and trustees of the American Museum 
of Natural Jlistory in the selection and 
appointment of Dr. Lucas as director 
is the advancement of the educational 
arrangement and exhibition of the vast 
collections which the museum has been 
acquiring from various parts of the 
world, especially during the past 
decade. In this field Dr. Lueas is 
recognized as the leading expert in this 
country. The trustees realize that the 
American Museum is very strong and 
well arranged in certain departments, 
while others lack sequence, and that 
either geographic, systematic or evolu- 
tionary sequence is necessary in order 
to give the collections their full educa- 
tional value and effect. 


SCIENTIFIC ITEMS 


WE regret to record the deaths of 
Dr. Francis A. March, professor emer- 
itus of comparative philology and Eng- 
lish literature at Lafayette College, of 
Dr. Thomas Dwight, professor of anat- 
omy at Harvard University, and of 
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Professor Franklin H. King, of Madi- 
son, Wis., known for his publications 
on agriculture. 

Dr. FE. A. ScHAFER, professor of 
physiology at Edinburgh, has been 
elected president of the British Asso- 
ciation, for the meeting to be held next 
year at Dundee, beginning on Septem- 
ber 4. The meeting of 1913 will be 
held at Birmingham. 

THE annual Herter lectures will be 
delivered at the Johns Hopkins Univer- 
sity on October 4, 5 and 6, by Professor 
Dr. Albrecht Kossel, of the University 
of Heidelberg, who was awarded the 


‘Nobel prize last year for his discoveries 


in medical chemistry. 

NEXT year the American Geograph- 
ical Society celebrates its jubilee, and 
in connection with this event a trans- 
continental excursion for the purpose 
of geographical study is planned, under 
the leadership of Professor W. M. 
Davis. The start from New York, by 
special train, will take place some time 
in August, and the excursion will con- 
elude in October, its duration being six 
or seven weeks. 

THE South Australian Cabinet has 
decided to contribute £5,000 towards 
the cost of the Mawson Antarctic Ex- 
pedition. 
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PE EDERISG WIVER- COAL FIELD, AUASK A 


By GEORGE PF. KAY 
PROFESSOR OF GEOLOGY, STATE UNIVERSITY OF 1OWA 


INTRODUCTION 

Ghee Bering River coal field hes a few miles inland from the north 

shore of Controller Bay, an indentation of the Pacific coast about 
1,200 miles from Seattle. In this field are the Cunningham claims 
which received much pubheity in connection with the Pinchot-Ballinger 
controversy. Much of the coal area is within the drainage basin of the 
Bering River. To the north of the field is the Martin River glacier 
with the lofty. snow-capped Chugach range of mountains beyond: to the 
east of the field and extending for many miles is the Bering Piedmont 
elacier. 

The coal field is accessible by launch and small boat from the village 
of Katalla, a calling port for passenger steamships. From Seattle to 
Katalla by way of the “inside passage“ is a voyage of seven or eight 
days; to Cordova, by the “ outside passage ~ and thence to Natalla is a 
voyage of about five days. 

No railroad has yet been built into the coal field, although several 
surveys have been made and some construction work has been done. 
Until a railroad has been completed and shipment has been made pos- 
sible from the coast, the field will remain undeveloped. The chief diffi- 
culty in providing transpoitation facilities ts the lack of good harbors 
on Controller Bay and adjacent parts of the coast. The waters are 
shallow and the coast storm swept. Many thousands of dollars have al- 
ready been expended in an endeavor to form sheltered harbors, but it 
can scarcely be said that the efforts. thus far, have heen successful. 
JIowever, a deep water chennel extending into Controller Bay and pro- 
teeted by islands froin the ocean storms has recently been mapped by 
the Coast Survey. It wonld seem from present evidence that when a 

* Sometimes named the Controller Bay Field or the Katalla Field. 
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thorough knowledge of the coast has been obtained the difficulties of 
securing suitable harbors will not be insurmountable. 

The Copper River and Northwestern Railway Company, which has 
a railroad running northward into the interior from the splendid 
harbor of Cordova, has surveved a branch line from this road to Ka- 
talla and thence to the coal field. The distance from the coal field to 
Cordova by this route is about 90 miles. Another route has been sur- 
veyed from the main line to the coal field by way of Charlotte Lake. 
By this route the distance to Cordoya is only about 60 imiles. 

The area within which coal has been found extends in a southwest- 
northeast direction from Bering Lake to bevond Slope glacier, a dis- 
tance of more than twenty miles. The width of the known coal forma- 
tion is, in the northeastern part of the area, more than five miles, but 
the average of the field is considerably less, 

The chief areas applied for in this field include the following: 
Controller Bay group, Pittsburgh group, Youngstown group, Cleve- 
land group, Rathbone and Aurora groups. Pacifie Coal and Oil Com- 
pany group or English Company group, Cunningham group, Chezuin 
group, Wardell group, Hartline gronp, Alaska Petroleum and Coal 
Company group, Willoughby group, the claims of the Portland Alaska 
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Anthraeite Coal Company, the Alaska Anthracite Coal Company, the 
MehKenzie Anthracite Coal Company, the Carbon Mountain Anthra- 
cite Coal Company and the Alaska Hard Anthracite Coal Company. 
Almost all the field was located prior to November, 1906, at which 
time these coal Jands were withdrawn from entry by the government. 

According to law each entry of 160 acres must have been made by 
an individual, or at most 640 aeres by four individuals, and in the in- 
terests of the entrymen. By an aet of 1906 entries made in good faith 
under the previous law were allowed to be consolidated into single 
holdings not exeeeding 2,560 acres of contiguous land. Many of the 
clanmants have done a considerable amount of development work, have 
had their Jands surveyed, have paid in ten dollars an acre to the gov- 
ermnent, which is the requirement by law, and are now awaiting their 
patents. 

The chief literatnre which has appeared on the Bering River field 
has been published in Bulletins of the United States Geological Sur- 
vey. A complete list of the articles whieh have been written by mem- 
hers of the Survey and others may be found in the bibliography of 
Bulletin No, 442 of the Survey, hy Dr. A. H. Brooks. Of all the pub- 
lished reports, that by Dr. G. C. Martin, in Bulletin No. 335, entitled 
“ Geology and Mineral Resources of the Controller Bay Region,” is the 
most exhaustive. Aecompanying this report are very satisfactory geo- 
logic and topographic maps. In an article by George W. Evans, in 
the Mareh, 1910, issue of Mines and Minerals, and also in an article 
by TL. W. Storms in Rngineering and Mining Journal, Vol. 90, p. 273, 
may be found maps showime the strveyed railway lines and the names 
and locations of the groups of claims which have been applied for in 
this field. A good Coast and Geodetic Survey chart of Controller Bay 
and adjacent parts of the coast is chart No. 8513. 


THE GRoGRAPILTY OF TILE REGION 

The topography of the area embraced by the known coal outcrops 
is rugged for a region of moderate relief. The elevations varv from a 
few feet above sea level at Bering Lake to somewhat more than 4,000 
feet at the northeastern end of the field. The general trend of the 
ridges and inountains is northeast and sonthwest. A striking physio- 
eraphic feature is the presence of broad valleys filled with alluvinm and 
now occupled by comparatively small streams, exeept in times of flood. 
The numerous small vallevs are V-shaped, often eanyon like: the slopes 
from the divides are usually steep and broken by many gulches. 

The largest stream is Bering River, which takes its rise mn the lakes 
at the margin of Bering glacier. Its ehief tributaries receive their 
waters from the abundant rainfall, and from the melting suows of 
Martin River glacier and its lobes. The tributary, Canven Creek, 
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flows from beneath the margin of 
the glacier: Stillwater and Shep- 
herd Creeks drain Lakes Kushtaka 
and Charlotte, respectively. Both 
of these Jakes are of glacial origin. 

The precipitation of the region 
is prohably in excess of 130 inches 
annually. The snow fall is very 
heavy. Above an elevation of 1,500 
feet considerable snow is present 
even during the summer months. 

The climate is not severe, the 
eoldest weather recorded being 2° 
F. above zero. The average winter 


temperature is about freezing 


Sy 


TUNNEL ON THE PuRDY 


ENTRANCE TO A 
CLAIM WEST OF SHEPILERD CREEK. 


Teneous RoeK IN 
Some of the coal 
has been converted into coke as a result 


A SILL OF CONTACT 


WITH A SEAM OF COAL, 


of the intrusion. Seuth end of Carbon 


Mountain. 


pomt: the average summer tem- 
perature between 50° and 95° F. 

The slopes are usually tim- 
hbered with spruce and hemloek to 
an elevation of more than 1,000 
feet. 


THE (EOLOGY OF TITE REGION 
Vhe ehief recks of the coal field 
eonsist of indurated sediments of 
Tertiary age and unconsolidated 
streain deposits, abandoned beaches 
and morainal material of Quater- 
nary age. Associated with the Ter- 
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DAVIS CAMP ON CANYON CREEK. These buildings are on the claims of the Alaska Coal 
and Petroleum Company. 
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LOOKING TOWARD SLOPE GLACIER PROM TUE TARTLINE CLAIMS. It shows the structure 
of the coal-bearing rocks in this part of the fleld. 


tiary sediments in the northeastern part of the field are narrow dikes 
and sills of diahase and basalt wlnch are either Tertiary or post-Ter- 
tiarv inage. The morainal deposits extend beyond the present limits of 
glaciation only a few miles, 

The Tertiary sediments have been divided by Dr. Martin into three 
formations. namely, the Stillwater. the Nushtaka and the Tokun. The 
Stillwater is the oldest formation, and consists chiefly of sandstone 
and shale with a thickness of abont 1,000 feet. The Kusbtaka overhes 
the Stillwater conformably and is that part of the Tertiary which con- 
tains the heds of coal. Tt has a thickness of abort 2,000 feet made up 
of coarse arkose, sandstone, shale and beds of coal. Complete seetions 
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PART OF THE CUNNINGHAM CLAIMS, Taken from divide west of Kushtaka Glacier. 
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OVERLOOKING First Bene Lakin ab BEEING GLACIER FROM TIT GREEN CLAIMS. 


of the formations are not well exposed. and hence the number of seams 
of coal is not well known. The evidence suggests more than a dozen 
seams, varving in thickness from 6 inches to more than 35 feet. The 
Tokun formation overlies the Kushtaka conformably aud consists of 
about 2.500 feet, chiefly of sandy shales, but contaiming also, sandstone 
and a subordinate amomit of limestone. All the evidence thus far 
found indieates that the “tillwater formation is marine, the Kushtaka, 
non-marine, and the Tokun imarine. 


THE. STReereRh ve TIE: REGTON 
The structure of the rocks of the coal field is. in general, mono- 
clinal, the most prevalent strike heing northeast: the dips are usually 
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steep to the northwest. The main topographic features of the region 
have a general northeast-southwest trend, and are related in a broad 
wav to the structure. But detailed study of small areas within the 
field emphasizes very clearly that the structure is much more complex 
than is indicated by a general study of the field. This complexity is 
due to folding, to faulting, and in the northeastern part of the field, 
to associated igneous rocks. Apart from a few well-defined hnes of 
faulting with northeasterly and southwesterly trend, there are many 
small faults rnnning im various directions. Moreover, within small 
areas in the field the strikes and dips are often irregular. The rocks 


VIEW TAKEN From Dotemron PEAK, looking to the left of the ridge running northward 
and named Carbon Mountain, Shows stracture of the coal-bearing rocks. 


are frequently very much broken and jointed, and shckensided sur- 
faces, especially im the coal, are common. 

This complex structure was produced by the intense crustal move- 
ments to which the recks were subjected durimg late Tertiary or post- 
Tertiary time. Reeent subsidence of the region is indicated by the 
presence of alluvial deposits, in- places several hundreds of feet in 
thickness, in the broad valleys now occupied by comparatively small 
streams. 

ie Onn, 

The coal beds are restricted to the Nushtaka formation which has a 
known surface area of about 50 square miles. The evidence is fairly 
clear that an additional area of more than 20 sqnare miles underlics 
the Tokun formation at varving depths. The coal beds are distributed 
throughont the thickness of the Kushtaka formation. Where sections 
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VIEW TAKEN FROM TVE MeDoNALD CAMP ON THE EAST Store OF BERING LAKE, looking 
to the left of Watalla Valley on the opposite side of the lake. 


of the formation are best exposed, more than a dozen seams of coal 
may be seen, but several of these are thin and unimportant. In places, 
the best coal beds have thicknesses of more than 25 feet of good coal; 
at many places beds execeding ten feet may be seen. Owing to the 
complexity of structure and the smal] amount of development work it 
is impossible to correlate the coal beds in one part of the field with 
those of other paits, even when the outerops are not widely separated. 
The thicknesses of the beds often vary greatly within short distances 
along both the strike and the dip. In some places the evidence sug- 
gests that the irregularities in thickness are due to movements, the coal 
having heen squeezed into great pockets of irregular shape. More- 


VIEW TAKEN FROM THE Mouriu or CirsrLoTTrre LAKE, looking toward a lobe of Martin 
fiver Glacier. 
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Pout Post, EXTENDING INTO BERING LAKE. 


over, in some places there is a somewhat abrupt change from a bed of 
eood coal of considerable thickness into ceal of a much lower grade or 
into carbonaceous shale. In some places the movements have resulted 
in the coal being intimately mixed with the rocks of the roof and the 
floor. The roof and floor are most commonly of shale. One sometimes 
finds the roof to be of shale and the floor of sandstone, or vice rersa; in 
a few places sandstone forms both the roof and the floor. The roof is 
freqnently fractured to such an extent that in mining timbering will 
he necessary. 

The coal of the region is of good quality, the best grade being 
anthracite. the poorest grade scmibituminous. The average of 32 
analyses of samples of coal taken hy Dr. Martin so as to reprezent the 
coals of the whole field was as follows: 


Per Cent. 
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The fuel ratios of these coals varied from 3.61 to 15.88, the average 
heing 7.78. The highest B.T.U. value was 14,574, the lowest 8.586 
and the average of the 32 analyses was 13.174. The average analysis 
of 4 of the coals which were classed as anthracite was 


Per Cent, 
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The semibituminous grade of coal is found in the southwestern 
part of the field, the anthracite in the northeastern. Between these 
two areas the grade of coal is intermediate between semibituminous 
and anthracite. The distribution of the grades of coal corresponds 
somewhat closely to the complexity of structure in the different parts 
of the field. The structure becomes more and more complex from the 
southwest toward the northeast. The grade of the coal has been made 
better with an accompanying complexity of structure. 

The semibituminous coal has been shown to possess good coking 
properties. . 

A striking feature of the coals, and one which is likely to be a seri- 
ous handicap to their utilization, is their crushed and sheared condi- 
tion. In many of the snrface exposures and in the tunnels, drifts and 
open cuts where development has been carried on. the coal is soft and 
friable. Even where fairly firm and unbroken masses of coal are 
found, they can be readily crushed. It is difficult to find large lamps 
of coal free from fractuves and slickensided surfaces. During mining, 
such coal can not escape being badly broken. and the difficulties of 
shipping will be great. In the case of the anthracite, the crushed and 
friable condition is likely to seriously impair its market value. With 
regard to the grades of coal of coking quality the soft character may 
not be so serious in that the coal can be converted into coke before 
shipping. It is scarcely probable, in a region where the crustal move- 
ments have been so widespread and intense, that the coals below the 
zone of surface disintegration will be free from the ciushed and frac- 
tured conditions so prevalent at and near the surface. 


From DovanHtTton PEAK LOOKING NorTIRWARD TO THE Riguyr or Carbon MOUNTAIN, 
Shows the structure of the coal-bearing rocks. 
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VIEW PROM CHEZUM Ghoup, WEST OF CANYON CLEEK, looking over Martin River 
Glacier to the Chugaeh Mountains beyond. 
(ras has leen found in several of the tunnels; hence, in mining, 
safety devices will he necessary. 


DEVELOPMENT 


At more than 300 places within the field more or less development 
work has been done. But no extensive mining has been carried on. 
The most prevalent kind of work consists of small surface openings. 
However, more than 50 drifis or tunnels have been run with an aggre- 
gate length of more than 3.000 feet. The most systematic development 
work has been done on the Cunningham, the Controller Bay, the Eng- 


VIEW FROM THE ENGLISH COMPANY CLAIMS, looking over Lake Charlotte to the 
mountains beyond. 
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lish Company, and the Davis groups. On the Cunningham claims sev- 
eral long tunnels have been run. At the McDonald mine on the Con- 
troller Bay group is a working drift more than 600 feet long. On the 
claims of the English Company there are three tunnels with a total 
length of more than 900 feet. On the Davis group is a tunnel whose 
length is more than 500 feet. During the summer of 1910 the Davis 
group was the only one in the field upon which systematic develop- 
ment work was being carried on. : 


LookInG DowN ELK CREEK, PIARTLINE CLAIMS. 


SUMMARY AND CONCLUSIONS 

The coals of the Bering River field are of good quality, and the 
tonnage is unquestionably great. But the prohable amount of this coal 
which is available at present or will be available in the near future 
can not he stated with any degree of reliability. The conditions of oe- 
currence are snch that until extensive development has revealed many 
data at present unknown, an estimate of the available coal would be 
httle moire than a guess. In coal fields of somewhat simple structure 
fairly reliable estimates may be made of the available coal from a 
study of the outcrops. but in fields such as the Bering field, where the 
structure is complex, such estimates are of hitle value, and in fact may 
be harmful. The figures are likely to be overemphasized, and even 
misused. by those who are endeavoring to interest the investmg pnblie. 
In much of the Bering field the rocks are folded, fanlted, jointed and 
crushed: the coal beds are known to vary mneh in thickness within 
short distances along both the strike and the dip: the coal beds in sev- 
eral places may be seen to change somewhat abruptly into carbonaceous 
shale, and in places they are intruded by igneous rocks. As vet, the 
beds in the different parts of the field have not been correlated, nor is 
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it possible to state the number of beds which are workable. Moreover, 
when it is recalled that gas is present in the coals, that the region is 
one of abundant rainfall, that the snowfall is heavy, that the coals are 
in many places friable, that many difficulties and large expenditures 
are connected with the problem of railroad construction and the pro- 
viding of docking facilities, one begins to realize how necessary it is to 
give full weight to these facts in reaching a conclusion as to the value 
of the field. 

The opening up of this field would be a great boon to Alaska and to 
the states of the Pacifie coast. The government should do all in its 
power to hasten development. In cases where the evidence shows that 
the entrymen have conformed to the law, the patents should be issued 
without delay. Moreover, the Alaskan coal land laws should be speedily 
revised. The existing laws are unsatisfactory in that they do not tend 
to encourage but rather to discourage development. Not until large 
sums of money have been invested in this field will it be possible to mine 
and ship the coal on a commercial seale. 
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INSECT PARASITISM AND ITS PECULIARITIES: 


By Proressor WILLIAM MORTON WHEELER 
BUSSEY INSTITUTION, FOREST HILLS, MASS, 


T is universally admitted that economic entomology, like such other 
branches of applied biology as medicine and sanitary science, is 
to a very considerable extent the strategics of our warfare with a host 
of parasites, which are forever endeavoring to destroy our bodies, our 
domestic animals, our food supply, our clothing and the very materials 
with which we construct our dwellings and on which we write or print 
our interpretations of the wonderful world in which we live. In other 
words, economic entomology is, to nearly all intents and purposes, 
merely that portion of apphed parasitology which deals with insects. 
Naturally, therefore, the destruction of the insect parasites of man and 
of the plants and animals on which his very existence depends, mnet 
always constitute the basic interest of this science. 

A vague notion of putting certain of the parasites themselves to 
some use in the strnggle to which I have referred, seems to have been 
apprehended even in pre-scientifie times and among primitive peoples. 
We have read of savage tribes, which, like monkeys, eat their hexa- 
pod ectoparasites. The Aztecs invented another use for these crea- 
tures, as we learn from a quaint work published many vears ago by 
Cowan.? He cites the following story from Torquemada “ respect- 
ing the revenue of Montecusuma which consisted of the natural prod- 
ucts of the country, and what was produced by the industry of his sub- 
jects. During the abode of Montecusuma among the Spaniards, in the 
palace of his father, Alonzo de Ojeda one day espied in a certain apart- 
ment of the building a number of small bags tied up. Te imagined at 
first that they were filled with gold dust, but on opening one of them, 
what was his astonishment to find it quite full of hee? Ojeda, greatly 
surprised at the discovery he had made, immediately communicated 
what he had seen to Cortes, who then asked Marina and Anguilar for | 
some explanation. They informed him that the Mexicans had such a 
sense of their duty to pay tribute to their monarch that the poorest and 
meanest of the inhabitants if they possessed nothing better to present 
to their king, daily cleaned their persons, and saved all the lee they 

7A leeture delivered at the Marine Biological Laboratory, Woods IlIole, 
Mass., August 8, 1911. In preparing the lecture for publication several footnotes 
have been added and the concluding paragraphs have been rewritten. 


*“*Curious Facts in the History of Insects,’’ J. B. Lippineott & Co., Phila- 
delphia, 1865. 
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caught, and that when they had a good store of these, they laid them in 
bags at the feet of their monarch.” A more scholarly, not to say more 
spiritual, use of parasites, seems to have been invented by no less a 
personage than the founder of the Dominiean order of monks, since it 
is related in the same work “that the Devil, teasing St. Domingo in 
the shape of a flea, skipped upon his book, when the saint fixed him as 
a mark where he left off, and continued to use him so through the 
volume.” 

Although we may infer from such personal and therefore very 
trivial uses of fleas and lice as food, book-marks and taxes. that both 
saints and savages have occasionally endeavored to make their parasites 
subserve a useful purpose, it is only within very recent times that what 
may be properly called an economic use has been suggested for certain 
parasitic and predatory insects: namely, that of controlling the inseets 
injurious to our erops, forests, domestie animals, stored foods and fab- 
rics. ‘The notion of using predatory beetles in destroying garden pests 
seems first to have occurred to Boigiraud de Poitiers in France in 1843 
and in the following year to Antonio Villa in ltaly.* The latter coun- 
try also produced the two entomologists Rondani and Ghiliani, who, 
during the fifties and sixties of the past century, first suggested the use 
of parasitic insects for similar purposes. Since 1870 this suggestion 
has taken firmer hold of entomologists, espeeially in France, Italy and 
the United States, largely owing to the remarkable results achieved by 
Riley, Howard and their collaborators in our federal Bureau of Ento- 
mology. ‘To mention only a single example, it has been found that the 
fluted scale (Icerya purchasi), so destructive to the orange, ean he 
controlled by an Australian ladvhird (Novus cardinalis), and this 
control has been suecessful in California, New Zealand, Cape Colony, 
Hawaii, Florida, Portugal, Italy, Syria and Egypt. The scale was acci- 
dentally introduced into all of these countries and in all of them the 
beetle, when in turn introduced, showed itself capable of preventing 
the pest from spreading and destroying the orange trees. This and 
many similar, thongh perhaps Jess striking, cases, have led entomolo- 
gists to ransack remote regions of the globe for parasites to rear and 
turn Joose on the noxious insects, which, after accidental introduction 
into our country, increase so alarmingly and do so much damage, 
owing, in great measure at least, to the absence of the parasites and 
other enemies that keep them in check in their native environment. 
The most elaborate experiment of this nature and one which is being 
followed with keen interest by all ceonomie entomologists, is now being 
earried on at the Parasitological Laboratory at North Melrose, near 

“For a fuller account of the work of these and other early promulgators of 
the use of predators and parasites in combating noxious insects, see Trotter, 
‘Due precursori nell’ applicazione degli insetti carnivori a difesa delle piante 


eoltivate,’? Redia, V., 1907, pp. 126-1382, 
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Boston. Here for several years past great numbers of parasites have 
been received from Europe and northern Asia, carefully reared and 
studied, and, when found to be sufficiently promising, liberated in the 
hope that they will multiply and eventually control the gypsy and 
brown-tail moths.* 

The fact that such economic uses have been suggested for insect 
and not for any other parasites seems to imply that the former must 
be peculiar in certain important particulars. This I believe to be true 
and has led to the following considerations. That I have chosen to 
read them to you, who are primarily interested in the problems of 
zoology in its broadest sense, is due to a conviction on my part that 
many of the accounts of parasitism, even in the best of our zoological 
hand-books, are more or less one-sided and anthropomorphic, probably 
as a result of the stepmotherly treatment necessarily bestowed upon the 
insects in such treatises. Before I say more about the insects, how- 
ever, I wish to make a few remarks on animal parasitism in general. 

Parasitism is, of course, a form of “ behavior,’ and may be de- 
scribed as one of several complex types of the reactions of organisms to 
the most important source of their energy, their food supply. Other 
reactions to this element of the environment are predatism, commen- 
salism, scavengerism and mutualism. There is in the main sufficient 
consensus of opinion concerning the distinctions between these differ- 
ent phenomena. Predatory animals kill other animals and devour them 
wholly or in part. Parasites put other organisms in the position of 
“hosts ” by living directly on their tissues in such a manner as not to 
cause their immediate death. The parasite thus draws indirectly on 
the food supply of another organism by permitting or compelling it to 
do the hard work of procuring the food and of converting it into much 
more accessible and much more easily assimilable compounds. The 
parasite may be said, therefore, to use its host as an instrument not 
only for procuring, but for predigesting, its food. The commensal also 
uses another animal as an instrument, but merely in gaining access to 
a food-supply which the latter has procured but has not yet assimi- 
lated. The scavenger, like the saprophyte among plants, may be de- 
scribed as a parasite of the dead, deriving its sustenance from decom- 


* Excellent general accounts of the subject here touched upon are contained 
in the following papers: Marchal, ‘‘ Utilization des Insects Auxiliaires Ento- 
mophages dans la Lutte contre les Insects Nuisibles a l’Agriculture,’’ Ann. de 
l’Inst. Nat. Agronom. (2), VI., 2, 1907, 74 pp., 26 figs.; translation in part in 
Por. Sci. MontHuy, LXXII., 1908, pp. 352-370, 406-419; Silvestri, ‘‘Sguardo 
allo Stato Attuale dell’ Entomologia Agraria negli Stati-Uniti del Nord 
America, ete.,’’ Boll, Soc. Agric. Ital., XIV., No. 8, 1909, 65 pp.; Howard and 
Fiske, ‘‘The Importation into the United States of the Parasites of the Gypsy 
Moth and the Brown-tail Moth,’’ Bull. No. 91, Bur. of Ent., Dep. Agric., 1911, 
312 pp., 73 figs., 25 pls. 
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posing animals or plants or from the excretions of the former. The 
mutualist, finally, as the name implies, lives in a condition of balanced 
energetic or nutritional cooperation with another organism. 

Of all these types of reactions to the food supply, parasitism is far 
and away the most prevalent; so prevalent, in fact, that it may be 
doubted whether there is any animal that does not resort to it, at least 
during a brief portion of its life, even if this be only during the period 
when, as an egg, it is drawing its supply of food-yolk from its parent. 
That parasitism has been most frequently developed from predatism is 
certain, that it may occasionally have its origin in commensalism, 
mutualism or secavengerism is highly probable, that it can, especially 
when it affects a considerable portion of the life-cycle of an organism, 
develop into anything but a more extreme form of parasitism, is very 
doubtful. 

It would be easy to show by the citation of many examples that 
parasitism is an extremely protean phenomenon, one which escapes 
through the meshes of any net of scholastic definitions in which we 
may endeavor to confine it. Nor is this surprising when we stop to 
consider its great prevalence and the fact that during the course of 
time the organic world, pari passu with its increasing differentiation, 
has become ever more and more heavily weighted with parasitism and 
mutualism. That this nutritive dependence of organisms on one 
another has been steadily growing during paleontological] time is clearly 
seen in the comparatively recent development of viviparity in mammals 
and many other animals, in the development of the alternating genera- 
tions of plants into a condition in which the gametophyte is parasitic 
on the sporophyte (gymnosperms and angiosperms) or the sporophyte 
on the gametophyte (ferns and mosses), in the increasing mutualistic 
relations between insects and angiosperms, in the enormous development 
of parasitism among the highest orders of insects, the Diptera, Hymen- 
optera, Coleoptera, Lepidoptera and Homoptera, which are not known to 
have existed before Jurassic and Triassic times, and even in many ap- 
parently more primitive parasites like the true lice, bird lice, bat lice, 
fleas and many tape worms, flukes and round worms, which could not 
have developed till after their mammalian and avian hosts had made 
their appearance. Social life, too, which is hardly more than a mixture 
of parasitism and mutualism, shows a similarly recent development. 
Man himeelf, with whom we do not commonly associate the idea of para- 
sitism, although the term is derived from a certain type of man well 
known to the ancient Greeks, not infrequently displays an extraordi- 
nary variety of parasitic activities. As an embryo he is always ento- 
parasitic, using his allantois in a manner that vividly suggests the root- 
system of a Sacculina attached to a crab. At birth he becomes a kind 
of ectoparasite on his mother or nurse, and throughout his childhood 
and youth he is commonly what might be called a family parasite, de- 
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pending for his sustenance on his parents, brothers and sisters or re- 
moter relations. At maturity, in addition to the possibility of becom- 
ing parasitic on his wife, he has a choice of many kinds of social para- 
sitism. Asa meniber of a trust, political party or legislative body, not 
to mention many other organizations and institutions, he may graft 
successfully on the community at large or on some particularly lucrative 
portion of it, and should he fail through these activities to store up a 
sufficient corpus adiposum in the form of a bank-account, he may 
parasitize, with advancing years and till the end of his days, on his own 
offspring.® 

But the roots of parasitism may be traced even deeper within the 
very fabrie of the organism itself. The theories of Roux and Weismann 
have made us familiar with the struggle among the parts of the indi- 
vidual organisms, 7. ¢., among its organs, tissues, cells and the com- 
ponents of its cells, a struggle in which these elements often grow and 
develop at the expense of other elements in a manner that can only be 
regarded as parasitic. ‘The more modern theories of mutation and 
Mendelism, with their insistence on unit-characters and “ factors,” 
obviously admit of an interpretation in similar terms. We can even 
shift this interpretation to the psychic plane, where we find the fixed 
ideas, obsessions and monomanias behaving as so many processes which 
draw their sustenance from other psychic processes to such an extent 
that they may in the end not only dominate but destroy the whole per- 
sonality. 

Some of you will be shocked at this account of what we are in the 
habit of describing in very different language, for the same emotional 
reason that we all admire the tiger and the tiger-beetle and loathe the 
tape-worm and the louse, namely, because our instinctive horror of the 
parasites to which our species is so constantly exposed, prevents us even 
as twentieth-century zoologists from appreciating the extent to which 
all life, ourselves included, is saturated with parasitic proclivities. I 
fear, however, that this attempt to justify my shocking language will 
fail to convince some others among you, who will accuse me of being 
myself a host of one of the obsessions to which I have just alluded—of 
the parasitic obsession, namely, of the idea of parasitism. You will 
say that in thus subtilizing or volatilizing what has always seemed to 
be a concrete biological phenomenon, and in thus diffusing the concept 

° Certain general aspects of social parasitism in man are admirably presented 
by Massart and Vandervelde in their work entitled ‘‘Parasitisme Organique et 
Parasitisme Social,’’ Bull. Sci. de France et de la Bely., NXV., 1893, 68 pp., and 
by Ross in Chapter XXVIII. of his ‘‘Social Control,’’ Macmillan Co., New 
York, 1910. The conception of viviparity as a form of parasitism has been 
developed by Giard (‘‘Sur la signification générale du parasitisme placentaire, ’’ 
C. Rk. Soc. Biolog., 1897), Houssay (‘‘La Forme et la Vie. Essai de la Methode 
Mécanique en Zoologie,’’ Paris, 1900) and Faussek (‘‘ Viviparity and Para- 
sitism,’’ in Russian, Russkoje Bogatswo, 1593). 
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of parasitism over the whole organic world, I have not only distorted it 
beyond recognition, but have deprived it of any usefulness which it 
may have had. 'To such accusations I can only reply that I gladly 
concede that it 1s admissible for practical purposes to circumscribe para- 
sitism by arbitrary names and definitions in special fields of biological, 
sociological and psychological study, but I must insist, nevertheless, 
that it is a very fundamental and far-reaching phenomenon, which, for 
theoretic and heuristic purposes, may properly be said to inelnde any 
complex of vital processes, which maintain themselves at the expense of 
other vital processes, in the same or in other organisms, without react- 
ing on these processes in a similarly sustentative manner. But let us 
return to the more conventional conception of the subject. 

When an organism hecomes parasitic it, of course, undergoes 
structural and physiological changes. These express themselves in the 
loss or nodification of previously existing characters and in the acquisi- 
tion of new characters. The amount of this loss, modification and 
acquisition depends, first, on the intimacy of relationship of the para- 
site to the host; second, on the nature of this relationship; third, on the 
time in the parasite’s ontogeny when this relationship is established, 
and fourth, on the portion of the ontogeny which it covers. Ectopara- 
sites, as we all know, are, as a rule, less modified than entoparasites, but 
each of these categories includes very different degrees of modification, 
according as the parasite is confined to a particular organ of the host 
or is capable of moving more freely over its surface or through its 
tissues. The habitus of a parasite is most profoundly influenced and 
characterized by the moment in its ontogeny when it joins its host, and 
especially by the length of the period during which this association is 
maintained. According as this association is coextensive with the para- 
site’s life or merely for a briefer period, we may distinguish permanent 
and temporary parasites. The latter, again, may be divided into those 
that are free from their hosts only during larval or early life and those 
that are free as adults. To these three types practically all animal 
parasites can be referred. They are best represented by such forms as 
certain tape-worms and flukes, by such crustaceans as Sacculina, and 
by such inseets as the Ichneumonide and Chaleidide among Hymen- 
optera and the Tachinidae among Diptera. Permit me to describe very 
briefly the salient peeuharities of a typical example of each of these 
groups. 

The tape-worm is an excellent example of a permanent parasite. 
Jit produces an enormous number of very minute eggs, and either these 
or the singular embryos, known as onchospheres, which they contain, 
are passively swallowed hy the host. ‘he onchosphere passes from the 
alimentary tract into the tissues of the host and there becomes a bladder- 
worm. ‘This, in order to become a sexually mature tape-worm, must 
enter the alimentary tract of a second host. ‘The transfer is effected 
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passively by the second, or definitive, devouring the first, or inter- 
mediate host. Both stages of the parasite exhibit extreme modification 
of structure, the second being characterized by an enormous develop- 
nient of the hermaphroditie gonads and of the alimentary surface, which 
is merely the integument, and is therefore in immediate contact with the 
food supply. To this type of parasitism we may also refer the Dicyem- 
ids, and many of the flukes and round-worms. In many of these cases 
the association with the host may be effected without any effort on the 
part of the parasite, and the small size, the enormous number and the 
method of distribution of its eggs are properly interpreted as so many 
direct and necessary adaptations to chance. 

The Rhizocephalous crustacean Sacculina, which may serve as a 
paradigm of the second type, or that of temporary parasitism with free 
early ontogenetic stages, also produces an enormous number of minute 
eggs. These, however, develop into free-swimming Nauplii, which in 
turn become Cypris larvee and as such seek out their Decapod or Isopod 
hosts. Owing to the activity and comparatively high organization of 
these larvee, the element of chance in bringing about the host associa- 
tion, though still considerable, is not as great as it is in the tape-worm. 
When it has joined its host, the Cypris larva, through one of the most 
remarkable methods of development known to exist among animals, 
proceeds to undergo structural modifications so extreme that, without a 
knowledge of the earlier stages, the crustacean affinities of the organism 
would never be suspected. “In the adult state the body consists of two 
portions: a soft bag-like structure, external to the host, carrying the 
reproductive, nervous and muscular organs and attached to some part 
of the host’s abdomen by means of a chitinous ring; and a system of 
branching roots inside the host’s body, which spring from the ring of 
attachment and supply the external body with nutriment.”* In Sac- 
culina, as in the tape-worm, the gonads are hermaphroditic and repro- 
duction takes place by a continual round of self-fertilization. To this 
type of temporary parasitism with free larval stage we may also refer 
the myzostomes and other parasitic annelids and the parasitic mollusks. 
In all these cases metamorphosis supervenes while the animal is still 
very small and hence precedes growth and the incidence of the modifi- 
cations produced by the parasitic habit. 

As an example of the third type or that of temporary parasitism 
with free adult stage, we may select the Ichneumonid Hymenopteron. 
The eggs are few in number and rather large and are deposited by the 
mother directly in or on the host, which is the larva of some other 
insect. The sluggish, bag-shaped parasitic larva, on hatching from the 
egg, feeds for some time on the blood-tissues and fat-body of the host, 
but is careful not to prevent the latter from moving about, procuring its 
food and growing to maturity. When it has reached this stage, how- 

° Geoffrey Smith in the Cambridge Natural History, Vol. IV., p. 95. 
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ever, the parasite quickly destroys it hy consuming its vital tissues. 
It then completes its own growth, pupates and eventually emerges as 
a very active, highly organized and beautifully colored fly, provided 
with a splendid nervous system, exquisite sense-organs and powerful 
locomotor organs in the shape of legs and wings. It is either a male 
or a female and, if of the latter sex, soon proceeds to place its offspring 
in immediate contact with the host. Although the larval Ichneumon 
exhibits modifications of structure almost as extreme as those of the 
adult Sacculina, these produce no effect on the organization of the 
adult insect. The association of the larva with its host is the work of 
the mother insect, a creature gifted with complex instincts that enable 
her to ferret out the host even in the most intricate concealment. The 
large size and small number of her eggs and her highly specialized 
method of oviposition indicate very clearly that chance, which plays 
such a role in the life-cycle of the tape-worm and Sacculina, has given 
way to an almost inevitable association of the parasite with its host. 
Of eourse, the Ichneunon represents only one of many forms of 
parasitism among insects. I have chosen it becanse it is the most 
characteristic and most highly specialized. There are insects like the 
Strepsiptera and the Rhipiphorid and Meloid beetles which seem to 
combine the Saeculina with the Ichneumon type in that they produce 
many small eggs that hatch as very active triungulin larve and only 
later develop into legless, bag-like larvae of the Jchnewmon type. It is 
interesting to note that in the Strepsiptera the adult female prolongs the 
parasitic habit of the larva, while the adult Meloide or oil-beetles are 
rather sluggish and seem to show other after-effects of their larval life. 
There are also many insects, like the true lice and bird lice which are, 
to all intents and purposes, permanent parasites comparable with the 
ectoparasitic flukes, though they never exhibit such extreme modifica- 
tions. And, finally, there are other animals besides insects that have 
parasitic larval and free adult stages, e. g., the fresh-water mussels.‘ 
Zoologists have naturally been deeply impressed by such wonderful 
parasites as the tape-wornis, flukes and Sacculina and have regarded 
these as fine examples of degeneration or degradation. Many, indeed, 
have dwelt on these words in a manner which leaves no doubt that they 
are used in a purely anthropomorphic sense as implying deterioration 
or “an impairment of natural or proper qualities” in the parasites, 
notwithstanding Ray Lankester’s assertion that “ degeneration may be 
defined as a gradual change of the structure in which the organism 
becomes adapted to less varied and less complex conditions of life.’ 
It is easy to trace the source of this anthropomorphism to the atrophy 
of the parasite’s neuro-muscular system, a system by which we as intel- 
TCf. Lefevre and Curtis, ‘‘ Reproduction and Parasitism in the Unionide,’’ 


Journ. Exper, Zool, 1X., No. 1, 1910, pp. 79-115, 5 pls. 
5 **Degeneration,’? p. 32, 
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lectual beings necessarily set great store, and the hypertrophy of the 
alimentary and reproductive organs, which, notwithstanding their 
immense biological significance, have nevertheless been assigned a very 
inferior place in our scheme of ethical values. But parasites may 
properly be regarded as more advanced organisms than the predators, 
for they have not only had a more eventful phylogenetic career, but, 
during their long history, have learned to use other organisms in a very 
economical manner as instruments of nutrition. From a consistent 
biological point of view, therefore, and from one embracing insect as 
well as vermian and crustacean parasites, it is evident that the peculiar 
convergent complexions of these organisms should be attributed to 
specialization. “ Degeneration” is properly a pathological term, and 
parasites, however pathogenic they may be, are, of course, no more 
pathological or diseased than predatory animals. There is. some evi- 
dence to show that the myzostomes have persisted in their modern form 
since Silurian times, with a conservatism equalled only by that of their 
Crinoid hosts. If all the generations of these peculiar annelids have 
been pathological for millions of years, they should long since have 
disappeared from the waters of the globe, but we find that though many 
or all of the original species have doubtless become extinct, this was 
probably due simply to the extinction of their hosts, for nearly every 
extant species of Crinoid supports at least one species of Jfyzostoma. 
Moreover, if we regard parasitic modification as an expression of degen- 
eration, we must suppose that such forms as the adult [chnewmon are 
produced by a post-larval regeneration. Apart from adding an unusual 
meaning to the word “regeneration,” this fails to express the actual 
conditions correctly. The whole ontogeny of such insects is in reality 
very highly specialized, the adult representing in many particulars as 
great a departure from the primitive insect type as the larva, albeit in 
a very different direction. In discussions of this subject I would there- 
fore substitute the words “ parasitic specialization ” for such terms as 
“ degeneration” and “degradation.” Together with these, another 
term, “ retrogression,” should be avoided, for the reason that the para- 
sitic modifications of structure to which it is often apphed can be more 
properly attributed to “arrest of development.” 

It will be seen from the foregoing discussion that the leading 
peculiarity of insect parasitism, at least in such groups as the Hymen- 
optera and Diptera, which are almost the only ones of value in con- 
trolling noxious insects, is the restriction of the parasitic habit to the 
sluggish larva and the specialization of the free adult for the purpose 
of disseminating the species and of placing the coming generation in 
intimate contact with the host. No one who observes one of our large, 
graceful Ichneumonids, such as Vhalessa lunator, alighting on a tree- 
trunk and then conveying its greatly attenuated eggs by means of its 
long hair-like ovipositor through some three inches of hard wood into 
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the burrow of a T'remeax larva, the presence of which it has been able 
to detect by means of its marvelously acute sense-organs, can fail to 
appreciate the advantages of such a method of bringing a parasite to 
its host, rather than by the tape-worm’s shot-gun method of scattering 
minute eggs about promiscuously, or by the Sacculina’s almost equally 
haphazard method of employing minute, feeble, aquatic larve. 

Another peculiarity of economic importance in the parasitism of 
Hymenopterous and Dipterous insects is its highly predatory character, 
for the voracious larve of these orders almost invariably kill their hosts.® 
Other forms, like the Strepsiptera, which permit their hosts to reach 
the adult stage, nevertheless destroy their gonads and thus decrease the 
reproductivity of the host species. In some cases, indeed, it is impos- 
sible to decide whether we are dealing with parasitism or predatism. 
The Spher, that lays her eggs on caterpillars which she has carefully 
paralyzed, is commonly regarded as a predatory insect, but she is from 
another point of view, an even more specialized parasite than the 
Ichneumon. Wer sting immobilizes but does not kill the active full- 
grown or nearly full-grown caterpillars, and her larve are careful to 
feed in such a manner as to spare as long as possible the life of their 
victims. We have here merely a further extension of the maternal 
instincts primarily devoted exclusively to bringing about the union of 
the parasite with the host, to a unique and effective preparation of the 
host’s body for easicr exploitation by the parasite. 

A third peculiarity of economic importance in the Hymenopterous 
and Dipterous insects is their pronounced tendency to confine thet 
attacks to species of large, recently developed and eminently noxious 
groups, such as the Lepidoptera, Coleoptera, Homoptera and other 
plant-destroying insects. 

There are also a number of peculiarities some of which are of less 
practical but of no less theoretical interest. These, which [ must con- 
sider very briefly in the limited space at my disposal, are the following: 

1. The occurrence of hypermetamorphosis which is frequently ex- 
hibited by parasitic insects often of the most remote taxonomic affini- 
ties, such as the Proctotrypids, and certain Chalcidids (Orasema and 
Perilampus) among the Hymenoptera, Mantispa among the Neurop- 
tera, the whole order of Strepsiptera, and the Meloide and Rhipi- 
phoride among Coleoptera. The complication of development arises 
in all of these cases from an inability of the mother insect to find the 
host or at any rate to reach it during the proper ontogenetic stage, and 


®Tt would seem that the death of the insect host is necessitated either by 
the relatively very large size of its insect parasite at maturity, when acting 
alone, or (in cases of polyembryony and simultaneous infestation by several 
individuals of the same species) to the equally considerable bulk of a number 
of small parasites acting together. The comparatively slight difference in 
stature between host and parasite is certainly one of the most remarkable 
peculiarities of insect parasitism. 
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hence from the need of an active and inquisitive first larval stage to 
supply this defect. 

%. The prevalence of hyperparasitism. We may distinguish pri- 
mary, secondary, tertiary, quaternary and even quinary parasites among 
insects, according to the principle of the “little fleas ad infinitum.” 
The numerical appellations in this series have been restricted to in- 
sects parasitic on other insects, although the primary parasites are 
really secondaries when they attack insects like caterpillars, since these 
are, of course, plant-parasites.1° 

3. The absence in parasitic insects of hermaphroditism, a phenome- 
non so prevalent among vermian, crustacean and annelidan parasites. 
Only one small group of insects is known to be hermaphroditic, namely, 
the Termitoxeniide, comprising a few genera of extraordinary flies that 
live in termite nests.1? 

4, The rare occurrence of heterwcism, or change of host, a phenom- 
enon very prevalent among tapeworms and flukes. It has been de- 
veloped, however, within apparently very recent times in such groups 
as the plant-lice and in certain myrmecophilous bectles of the genera 
Atemeles in Eurasia and Yenodusa in North America. 

5. The increasing development of viviparity as seen in such a series 
of parasites as Temimerus, which, according to Hansen and Heymons, 
develops within the ovary of its mother,!* the larviparous Tachinide 
and Sarcophagide, the nymphiparous Hippoboscide, Nycteribide and 
plant-lice, and the Termitoxeniide which, according to Wasmann, are 
born practically as adult insects.%* 

6. The development of polyembryony among the Chalcidid and 
Proctotrypid Hymenoptera. Owing to the greatly increased reproduc- 
tivity of these parasites through the formation of dozens or even hun- 


0” Fiske (‘‘Superparasitism: An Important Factor in the Natural Control 
of Insects,’’? Journ. Econ. Ent., I1I., 1910, pp. 88-97) and Pierce (‘‘On Some 
Phases of Parasitism Displayed by Insect Enemies of Weevils,’’ ibid., III., 
1910, pp. 451-458) have distinguished between ‘‘hyperparasitism’’ and ‘‘super- 
parasitism.’’? The former term is defined by Pierce as ‘‘the normal attack of a 
parasite species upon another parasite species,’’ whereas superparasitism ‘*‘ occurs 
when a normally primary parasite attacks a host already parasitized, and the 
result is that the latest comer generally attacks its predecessor.’’ The distine- 
tion is important, but for the sake of brevity I have not introduced into the 
text. 

1 Wasmann, ‘‘Termitoxenia, ein neues flugelloses, physogastres Dipteren- 
genus aus Termitennestern,’’ 2 Pts., Zeilschr. f. wiss. Zool., LXNVILI., 4, 1900, 
pp. 559-617, LXX., 2, 1901, pp. 289-298, and Assmuth, ‘‘Termitoxenia Ass- 
muthi Wasm.; Anatomisch-histologische Untersuchung,’’ Inaug. Dissert., 1910, 
O38 pp. 

“Cf. Hansen, ‘‘On the Strncture and Habits of Hemimerus talpoides 
Walk.,’’? Entom. Tijdskr. Arg., XV., 1894, and IHeymons, ‘‘ Eine Plazenta bei 
einem Insekt (Hemimerus),’’ Verh. deutsch. zool. Gesellsch., 1909, pp. 97-107, 
3 figs. 

% Loc. citato. 
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dreds of adults from a single original egg by a process not unlike that 
employed in the egg-shaking experiments of our laboratories, this phe- 
nomenon, though restricted to comparatively few species, is neverthe- 
less of considerable economic importance.}4 

v. The development of social life among insects. This, as I have 
shown on former occasions, has its origin both ontogenetically and 
phylogenetically in the parasitism of the offspring on the parent.1® 

Paleontology seems to show very clearly the conditions that have 
favored the enormous development of parasitism among insects espe- 
cially within comparatively recent times. Some of these conditions 
are: 

1. The diminution in insect stature which occurred in the late Car- 
boniferous and during the Permian and seems to have been originally 
in great part an adaptation to increased reproduction and dispersal. 
Other things equal, a small animal will, for very obvious reasons, be- 
come a parasite more easily than a large one. 

2. The development of metamorphosis. This was already clearly 
established in the earliest known insects, the Paleodictyoptera, which 
were predatory and amphibiotic like the may-flies of the present-day, 
living in the water during their apterous larval stages and spending 
their winged imaginal stage in the air. They show plainly the great 
peculiarity of insect development, 7. ¢., metamorphosis succeeding 
growth and not preceding it as in the crustaceans, mollusks and anne- 


“The oceurrence of polyembryony was first clearly recognized and thor- 
oughly investigated by Marchal in Eucyrtus fuscicollis (‘‘Recherches sur la 
Biologie et le développement des Hyménoptéres Parasites. I. La Polyembryonie 
Spécifique on Germinogonie,’’ Arch. Zool. Expér. Gén, (4), IL, 1904, pp. 257- 
335, 5 pls., and an earlier paper: ‘‘La dissociation de l’oeuf en un grand 
nombre d’individus distinets chez 1’Encyrtus fuscicollis,’’? C. R. Acad. Sci. Paris, 
CXXVI., 1898, pp. 662-664), although Bugnion (‘‘ Recherches sur le développe- 
ment postembryonnaire, ]’anatomie et les murs de 1’Eneyrtus fuscicollis,’’ 
Ree. Zool. Suisse, V., 1891, pp. 485-534, 6 pls.) had previously studied the same 
insect. Silvestri has published several valuable papers on polyembryony, the 
most important being ‘‘Contribuzioni alla Conscenza Biologica degli Imenotteri 
Parassiti. I. Biologia del Litomastix truncatellus (Dalm.),’’? Ann. R. Scuola 
Sup. d’Agric. Portict, VI., 1906, pp. 1-51, 5 pls. 

© Wheeler, ‘‘ Ants, their Structure, Development and Behavior,’’? Columbia 
Univ. Press, 1910. Recently Holmgren (‘‘Termitenstudien, I. Anatomische 
Untersuchungen,’’ &. Svensk. Vetensk. Handl., XLIV., No. 3, 1909, 216 pp., 
3 pls., 76 text-figs.) and Escherich (‘‘Termitenleben auf Ceylon,’’ Gustav 
Fischer, Jena, 1911, 262 pp., 3 pls., 68 text-figs.) have accumulated much 
evidence to support the conclusion that the mutual attraction among the indi- 
viduals and the development of the castes of the termite colony are due to the 
habit of these insects of feeding on the fatty exudates of one another’s bodies 
and on that of their queens. This may also be true of ants and other colonial 
insects. A very similar method of feeding on the surface secretions of their 
host-ants is adopted by certain myrmecophiles (Oxysoma, Attaphila and Myrme- 
cophilu) and certain parasitic ants (Leptothorax emersoni). 
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lids. Dimly foreshadowed in this method of development are the more 
complete modern types of insect metamorphosis, which have their 
morphological origin, as we now know, in a donbling of most of the 
rudiments of the organs in the embryo. On hatching, one set of these 
rudiments develops immediately into the larval body, while the other 
set remains in abeyance in the form of minnte germinal centers, or 
histoblasts, from which the body of the adult will be fashioned during 
the quiescent pupal stage. The higher insects are therefore beautiful 
examples of double personality, much more perfect examples of this 
phenomenon, in fact, than any that has been discovered in man. The 
larval insect is, if I may be permitted to lapse for a moment into an- 
thropomorphism, a sluggish, greedy, self-centered creature, while the 
adult is industrious, abstemious and highly altruistic, concentrating its 
activities on reproduction and the dissemination of the species. Unlike 
ourselves, who are Mr. Hydes and Dr. Jekvlls in varying degrees, for 
brief alternating periods in our lives, or even simultaneously, the youth- 
ful insect sows its wild oats with a vengeance as a glutton or even as an 
assassin and then experiences a change of heart and reforms for good 
and all. 

Parasitism must have been very easily grafted on to such a sharply 
dichotomic method of development as that of the holometabolous in- 
sects, for the larvee of the predators are already much inclined to sloth 
and gluttony when the food supply is abundant, and comparatively 
little modification would be required to convert them into parasites. 
But the same peculiarities of metamorphosis have also made the holo- 
metabolic insects ideal hosts. We have already seen that insects, as a 
rule, are themselves not only parasitic during larval life, but also pre- 
fer larve as hosts. It is not improbable that this is the primitive, and 
that parasitism on the egg, pupa or adult is a secondary, or derivative 
condition. The real secret of both host and parasite being larve hes 
in the peculiar significance of anabolism in this stage. The host ac- 
cumulates great quantities of fats and proteids as a so-called “ fat-body,” 
which is of little or no immediate use to the organism itself, but is stored 
up to be utilized during metamorphosis. This fat body may, therefore, 
be devoured by the parasite and converted into its own fat-hbody with- 
out seriously injuring the host. Furthermore, the fact that the parasite, 
too, stores up its food in the form of a fat-body instead of at once turn- 
ing it over to its gonads and becoming reproductive, accounts for the 
striking differences between the insect parasite, on the one hand, and 
the tape-worm and Saceulina, on the other. The few exceptions among 
insects, such as the female Strepsiptera, in which the food taken by the 
larval parasite from its host is soon turned over to the gonads and nsed 
for reproduction, leads to a permanent parasitism resembling that of 
the tapeworms or the adult Sacculina. The larva is at once arrested in 
its development and begins to reproduce by peedogenesis. We may con- 
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clude, therefore, that the existence of parasites of the Ichneumon type, 
with free, active and highly developed adults is rendered possible by an 
inhibition of gonadic growth during larval life; whereas parasites which 
begin to reproduce while still living with their hosts are thereby pre- 
vented from either leaving them or undergoing further morphological 
differentiation.*® 

3. A third primitive peculiarity of holometabolic insects, which 
seems greatly to have favored parasitism, is the astonishing rapidity of 
their larval metabolism and growth and the equally remarkable quies- 
cence of their pupal stages. These have, of course, converted insects 
into the most wonderful opportunists, through enabling them to take 
advantage not only of the changing seasons and the very diverse phys- 
ical conditions of our planet, but also of the most evanescent supplies 
of food, both living and in process of decomposition. 

4. Parthenogenesis may also be cited as a widely prevalent phe- 
nomenon, which has been put to good use by parasitic insects. Like 
polyembryony, it has an economic significance, because it enables such 
noxious parasites as the plant-lice to multiply enormously under con- 
ditions that would preclude reproduction in non-parthenogenetic species, 
and for the same reason greatly assists many Hymenopterous parasites 
in checking the undue multiplication of these and other plant-destroy- 
ing insects. 

Although I may have had little difficulty in convincing you that 
parasitism is a very specialized kind of behavior, you will probably still 
be of the opinion that there is something inherently and radically wrong 
with animals that resort to it rather than to predatism, mutualism or 
some other means of maintaining their vital activities. It must, of 
course, be admitted that in becoming satellites of their hosts, parasites 
have renounced the primitive, wasteful and erratic freedom of the 
predator and are compelled to mould their activities on those of the 
host. This necessarily puts them in a condition of such abject de- 
pendence that their very existence as individuals and species is im- 
perilled whenever they overstep that margin of vitality which the host, 


1% This singular ability of the insect to inhibit the development and growth 
of its gonads till adult life is not only significant in connection with the develop- 
ment of parasitism within the group, but is also of fundamental importance in 
the development of colonial life among all the social insects. In the worker 
castes of these organisms the inhibition of the gonads, except under unusual 
conditions, is simply prolonged into and throughout adult life. Perhaps in last 
analysis this inhibition is merely a special manifestation of the extraordinary 
independence of the insect soma and germ-plasm, as has been so beautifully 
shown in the castration and transplantation experiments of Oudemans, Meisen- 
heimer, Regen and Kopeé. For a discussion of this subject see my paper, ‘‘ The 
Effects of Parasitic and Other Kinds of Castration in Insects,’’? Journ. Exp. 
Zool., VIII., No. 4, 1910, pp. 377-438, 7 figs. 
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like every other healthy organism, can afford to sacrifice to the acci- 
dents of its environment.’ 

The parasite not only tends to restrict itself to the use of a particu- 
lar host as a food-procuring instrument, but is also compelled to exer- 
cise the most exquisite care in the use of this instrument. From the 
very nature of the situation, therefore, parasitism is an extremely pre- 
carious type of behavior. But this is true also of aJl highly specialized 
behavior, that of biologists included, and points the way to, but does 
not constitute, the real difficulty with parasitism. This, T take it, is the 
suppression of the voluntary movements, which necessarily results from 
the intimate host relations, especially when these are confined, as is 
so often the case, to some one particular organ or tissue. It is not, 
therefore, the parasite’s habit of taking something for nothing from 
another organism, that is so fatal, for all creatures, in matters relating 
to nutrition, find it more blessed to receive than to give, but the ac- 
ceptance of the most important supply of its energy under conditions 
that preclude an exercise of the muscular and hence also of the sensory 
and nervous activities and restrict its vital activities to a round of as- 
similation, metabolism and reproduction. This unbalancing of func- 
tions is probably hastened by a kind of intraorganismal parasitism or 
“ Kampf der Theile ” in Roux’s sense, the alimentary and reproductive 
tissues drawing their nutriment not only from the host but also from 
the more inactive tissues of the parasite’s own body. That this torpor, 
or inactivity of the neuromuscular system is at the bottom of the 
peculiar disability of parasites is shown by many non-parasitic organ- 
isms, which have casy access to an abundant food supply consisting of 
dead or inorganic substances. Most plants and many invertebrates, 
such as the barnacles, and especially the scavengers among insects, ex- 
hibit essentially the same modifications as parasites. In fact, the larval 
stages of many insects that feed on carrion or decomposing animal 
and vegetable matter, are quite indistinguishable from parasitic larvae. 
This and the further fact that plant-eating species are not generally 
regarded as parasites by entomologists have led to considerable con- 
fusion in certain accounts of msect parasitism. 

While most parasites among the lower invertebrates have never suc- 
ceeded in freeing themselves from the tyranny of the host relation and 
the fatal torpor to which it inevitably leads, this is, as we have seen, by 
no means true of the typical insect parasites. To the ontogeny of these 
organisms the dictum “once a parasite, always a parasite” most cer- 


Within this ‘‘margin of vitality’’ must also be included the reproductivity 
of the host species. Thus certain ants, like Formica fusca, throughout the north 
temperate zone, are able to survive the inroads of a number of parasitic ants 
(Polyergus rufescens, Formica sanguinea, F. rufa, F. exsecta and many allied 
species), largely on account of its great repreductive powers, coupled with an 
ability to live in the most diverse physiographic conditions. 
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tainly does not apply. That it is inapplicable to their phylogeny J am 
not prepared to say, although I am unable to think of any non- 
parasitic insects that show evidence of descent from parasitic species. 
There can be no doubt, however, that parasites are still able to give 
rise to new specific forms. This capacity is without doubt very feeble 
or langnishing in the permanent parasites of the tape-worm and 
Sacculina types as compared with that of the insects. Indeed, there is 
much evidence to show that in insects, parasitism, far from interfering 
with the process of species formation, may actually have a tendency to 
favor or accelerate it. Sharp estimates the number of species of para- 
sitic Hymenoptera on our globe at 200,000, and of this vast number 
probably 80,000 belong to a single family, the Chalcidide, of which 
only some 6,000 species have been described. Another parasitic family, 
the Tachinide, belonging to the great order Diptera, seems to be in 
such an active stage of species formation that the most diligent and 
thoughtful students of the group flounder about in it with a dazed and 
almost ludicrous helplessness. And not only is practically the whole 
enormous group of moths and butterflies to be regarded as parasitic, 
but the same is true also of untold legions of plant-lice, scale-insects 
and beetles. Hyperparasitism, which may be regarded as a kind of 
permutation of parasitism, must also be mentioned in tlis connection, 
because it gives us a glimpse of the virgin fields which the holometabolic 
insects, owing to their peculiar method of development, are beginning 
to invade. 

I believe that the foregoing discussion of the peculiarities of insect 
parasites adequately supports the view that these organisms are emi- 
nently fitted to function in controlling the depradations of injurious 
insects. That they can not be regarded as instruments of extermina- 
tion is obvions from the fact that under natural conditions the com- 
plete extinction of the host species involves the destruction of the para- 
sitic species, unless the later is able to live on more than one host. Al- 
though it is not improbable that during geological time such joint ex- 
termination of host and parasite has repeatedly occurred, we are unable 
to cite any case that has fallen under the observation of the entomol- 
cgist. Purely local extermination of injurious hosts by their para- 
sites has, however, been observed. 

Before bringing my lecture to a conclusion two matters must be 
briefly discussed. One of these, which is mainly of theoretical interest, 
relates to the development of the parasite’s association with its host, 
the other, of more practical significance, to the methods of greatest 
promise in the study of insect parasitism. We need not stop to con- 
sider cases of the tape-worm type which reach their hosts by chance. In 
the two other types which I have distinguished, we have the associa- 
{ion with the host established through the initiative of the larval para- 
site itself (Sacculina type) or through the parasite’s mother (insect 
type). While the former type does not seem to call for any special ex- 
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planation, there seems, at first sight, to be something mysterious in the 
insect parasite, for when we see an adult organism, such as an Ichneu- 
mon coming from a distance—out of the blue, so to speak—and seeking 
out a concealed larva in which to deposit its egg, we are tempted to 
turn to some teleological explanation, such as is implied in the common 
conception of “instinct,” or perhaps to something in the nature of a 
“divinatory sympathy” between parasite and host. Although such 
conceptions are necessarily anthropomorphic, I would not deny them 
a certain, albeit provisional, value. As biologists, however, we are 
fortunately in a position to suggest a simpler explanation. The inti- 
mate practical knowledge (sit venta verbo) which the mother Ichneu- 
mon possesses of the host, loses much of its mystery when we stop to 
consider that she has, during her own larval life, devoured just such 
an insect, for the same reason that we may be said to have an excellent 
practical knowledge of an orange after we have eaten it. The Ichneu- 
mon is therefore familiar with the location, feeling, odor and taste of 
the creature in which she will lay her eggs, if we make the not improb- 
able assumption that the results of her own larval experience persist 
as mnemic factors, notwithstanding the profound morphological and 
physiological changes which she has undergone during inetamorphosis. 
There would then be nothing surprising in her tropism-like reactions 
to the mechanical and chemical stimuli represented by the host larva 
and its immediate environment. 

As the time at my disposal is nearly exhausted, I must bring my 
discussion to a close. Having made the pilgrimage to the American 
Mecca of experimental zoologists, [ could hardly hope for salvation if 
I departed without at least saluting the Kaaba. This I can do most 
effectively, perhaps, by calling attention to the great need of experi- 
mental work in animal and especially in insect parasitology. Biolo- 
gists, during the romantic period of Darwinism, made much of the 
parasites. These organisms, in fact, supplied them with no end of 
ammunition in defence of natural selection, the influence of the en- 
vironment and the biogenetic law. Then came the period of morpho- 
logical minutiz with its tacit assumption that particles of a dead or- 
ganism are vastly more interesting and illuminating than the whole of 
a living one. During this period the parasites were, of course, sec- 
tioned and studied in the same manner as other organisms, but, since’ 
it is impossible to explain a living whole by pulling it to pieces and 
sticking the inert fragments together again, parasitism, which is a 
process and not a thing, retained its ethological interest mainly for 
biologists who were engaged in the practical applications of their 
science.1® 

Now that we have reached the third period, or that of emphasis on 
experiment with the living organism as the best means of elucidating 


*In support of this statement the reader may be referred to the following 
general articles on insect parasitism, written by well-known economic entomolo- 
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the life-processes, those of us who had the misfortune to live and ex- 
haust our greatest enthusiasm during the romantic and morphological 
periods, can, I suppose, do nothing better with the meager remnant of 
our vitality than pray for breadth of sympathetic vision on the part 
of our younger, more numerous and more vigorous contemporaries. 
The splendid achievements of the investigators who assemble here every 
summer certainly whet one’s desire to sce experimental work of the 
same character accomplished in parasitology. A certain amount of 
simple experimental work on social parasitism in ants has been inaug- 
urated by Wasmann and myself and continued with interesting results 
by Santschi, Emery, Viehmeyer, Donisthorpe and others, but more im- 
portant work, having for its object the artificial production of individ- 
ual parasites and such studies on the behavior of their descendants as 
those recently made by Kammerer on the offspring of Amphibia, whose 
breeding habits had been artificially modified, have not yet been 
undertaken. Here again, as in so many other cases, the botanists are 
blazing the trail for the zoologists. The familiarity of the former with 
grafting, which is merely an artificially induced parasitism, has led 
them to undertake interesting experiments, like those recently pub- 
lished by Pierce!® and MacDougal and Cannon.*° And although these 
experiments yielded less striking results than might, perhaps, have 
been expected, they nevertheless emphasize an important fact, which all 
biologists, except systematists and paleontologists, are too apt to over- 
look, namely, the extraordinary stability of specialized characters. 
Experimental zoologists, including the students of animal behavior, 
are most keenly interested in the modifiability of the organism, and 
their experiments are usually devised for the special purpose of de- 
termining the amplitude and peculiarities of this modifiability. The 
entomologist, however, who is attempting to use parasitic insects as 
tools or implements in controlling the depredations of other insects, is 
primarily interested in the stability of structure and constancy of be- 
havior. This follows from the very nature of his work. As the essen- 
tial excellence of a tool consists in its remaining the same as it was 
when it left the hands of the manufacturer, so a parasitic species can 
be used as an efficient tool only if it behaves generation after genera- 
tion with uniform constancy. Hence in combating pests, only those 


gists in our own country during the period characterized by a very exclusive 
occupation with morphology in our universities: Riley, ‘‘ Parasitism in Insects,’’ 
Proceed. Ent. Soe. Wash., I1., No. 4, 1893, 35 pp.; Webster, ‘‘Insect Parasites,’’ 
15 pp. (reprint without date); Osborn, ‘‘Inseets Affecting Domestic Animals,’’ 
Bull. No. 5, U. S. Dept. Agric., 1896, 302 pp., 170 figs.; Howard, ‘‘A Study in 
Insect Parasitism,’’ Tech. Ser. No. 5, U. S. Dept. Agric., 1897. 

%<<Tas Eimdringen von Wurgeln in lebendige Gewebe,’’ Botan. Zeitg., IIL, 
1894, pp. 169-176; ‘‘ Artificial Parasitism,’’ Botan. Gazette, XXXVIII., 1904, 
pp. 214-217. 

*»<<The Conditions of Parasitism in Plants,’’ Carnegie Inst. Publ., Wash- 
ington, 1910, 60 pp., 10 pls., 2 text-figs. 
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parasitic insects can be utilized to advantage that are not only prolific 
and will endure the climatic conditions into which they have been arti- 
ficially introduced, but will maintain very definite relations only with 
individuals of a single or of a very few host species and destroy them in 
their earliest possible ontogenetic stage before they can do extensive 
damage.** Such constancy is especially necessary in primary and ter- 
tiary parasites, since whenever these show a tendency to become secon- 
daries and quaternaries, as is sometimes the case, they become harmful 
instead of benefiteial.?* 

It is clear that the determination of the constancy or invariability 
of parasitic reactions as a basis for practical applications requires, if 
anything, an even greater insistence on the experimental method than 
does the determination of the range and character of modifiability for 
purely theoretical purposes. Ever since the days of Redi both theo- 
retical and practical entomologists have resorted to the experimental 
method and therefore have no reason to regard themselves as behind 
the times in appreciation of what some zoologists have been heralding 
as a recent dispensation. In other respects, however, the students of 
insect life are “ old fashioned ” and resemble the botanists more closely 
than the zoologists, in that they are constrained by the extraordinary 
intricacy of their science to maintain the closest and most sympathetic 
cooperation with the taxonomists, morphologists, and students of geo- 
graphical distribution. Without this cooperation their studies of insect 
parasitism would resolve themselves into a weltering chaos. 

= Howard and Fiske (loc. cit., p. 204) express a similar opinion when they 
say that ‘‘it is probably true also that among those parasites which are the 
most closely restricted in their host relationships are to be found those which 
are the most effective in bringing about the control of their respective hosts. 
This is primarily due to the fact that a correlation usually exists between the 
life and seasonable history of such a parasite and some one or more hosts which 
it is particularly fitted to attack. The existence of a correlation between para- 
site and host of such intimate character makes possible the continued existence 
of the parasite independently of alternate hosts, and it is thus enabled to keep 
pace with the one species upon which it is peculiarly fitted to prey when other 
circumstances are favorable to its increase. Some of the most interesting 
examples of correlation of this sort which have yet come to attention are to be 
found among the tachinid parasites of the gypsy moth or the brown-tail moth, 
and on this account as well as on a purely empirical basis they are now consid- 
ered much more likely to heconie important enemies of these hosts than before 
their characteristics were so well understood.’’ 

“A very instructive case of such instability in hyperparasitism, or rather 
superparasitism, is seen in Pleromalus egregius, which was introduced into 
Massachusetts as a primary parasite of the brown-tail caterpillar. This European 
parasite, as Fiske has recently shown (Howard and Fiske, loc. cit., p. 267 et seq.) 
has not only spread over a great area in eastern New England, since it was first 
liberated in 1906 and 1907, but besides acting as a primary parasite, it may also 
behave as a secondary, tertiary or quaternary superparasite. 
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MATHEMATICS AND ENGINEERING IN NATURE 


By Proressor ARNOLD EMCH 


UNIVERSITY OF ILLINOIS 


HEN up on the heights, among the imposing wilderness of 
rocks, crags and pines, the mountaineer is struck by the roaring 
sound of a storm, he may observe clearly that the weather-beaten trees 
of a mountain forest, like other organic beings, have to defend them- 
selves against the external attacks of nature. In other words, they 
have to make provisions to grow in spite of precarious circumstances 
and to resist many violent disturbances. The adaptability of organic 
beings to surrounding conditions and the existence of special means of 
resistance against inner and outer enemies are well known biological 
facts. That nature in its domain of activity, however, also makes 
extended use of such principles to which the engineer is accustomed in 
carrying out his projects, seems to be less generally known. In many 
instan¢ées nature is far in advance of the best human efforts in regard to 
rational construction. ‘To the eye of the attentive observer, nature even 
may show pictures which in a beautiful manner reveal definite geometric 
configurations and relations. 

It is not surprising that this should be the case, and might be 
expected. The axioms of geometry are abstract statements of primitive 
experiences in space. Jn fact, according to Picard,’ geometry may be 
called the theory of space and, as such, has its origin in experience. 
Geometric configurations as exhibited by nature are therefore neces- 
sarily in accord with the results deduced from the geometric premises. 
Conversely, within the space of our experience the theorems deduced in 
ordinary geometry are not contradicted by nature. This statement 
does, of course, not exclude the possibility of other consistent theories 
of space, as, for instance, established in the so-called non-Euclidean 
geometries. The tremendous advantage of the ordinary, or Euclidean 
geometry, lies in the relative simplicity and adequacy of its application 
to physical space. As Painlevé? states, the science of mechanics, in the 
philosophical aspect of its foundations, does not differ from that of 
geometry. Its axioms also are derived from primitive experiences. 
No science ean be created by purely formalistic logic. 

Returning to the innumerable objects of natural growth, I shall 
confine myself to a description of the architectural and mechanical 
features of a few most conspicuous examples. 

The contour-lines of a column or tower, all of whose horizontal 


1“<De la méthode dans les seiences,’’ pp. 1-380, Paris, 1909. 
2“<De la méthode dans les sciences,’’? pp. 336-407. 
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supporting bridge piers, the Eiffel 
tower in Paris and numerons other 
structures. Precisely the same prob- 
lem nature has solved in building 
the trunks of tal] trees. The famous 
coniferous trees of California (Fig. 
1) offer the best illustration for 
this principle. The reason for this 
lies in the fact that the maximum 
strength of the material used in one 
and the same engineering structure, 
or in a tree, being a known con- 
stant, it is evidently of the great- 
est economic advantage to make the 
specifie stresses throughout as uni- 
form as possible. 

To resist great lateral bending 
forces, or moments eaused by strong 
and irregular winds, the large trees 
of the forest are equipped with 
powerful wind-struts near the base 
and extending to the anchoring roots 
(Figs. 2 and 3). The same thing 
the architect does when he provides 
for buttresses in Gothie buildings, 
or when he reinforees the base of a 
eolumn to seenre lateral stability. 
The more the trees are exposed to 
the winds, the larger the crown, the 
more the prineiple of buttresses 
and pillars assumes its functions. Wherever winds from a certain 
direction prevail, one notices plainly that in such a region the wind- 
struts of the trees on the side opposite to the attack of the wind are 
most strongly developed. In mountainous regions where on account of 
the rough eharaeter of the surface, the winds are very turbulent and are 
making their attacks in violent gusts from all directions, one may 
observe wonderful and grotesque shapes of root-stoeks. In a seemingly 
almost impossible manner the roots craw] over each other, over rocks 
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and around irregular cliffs, simply to find in a crack some ground for 
anchorage (Fig. 3). 

From a technical standpoint also the cell structure of trees and 
other plants must be considered as a wonderful manifestation of the 
resources of nature.® 
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In this respect, the stalk of a rye-plant may be mentioned as a 
typical example. his plant meets the same requirements that are 
* Schwender, ‘‘ Mechanische Probleme der Botanik,’’ Leipzig, 1909. 
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necessary in the construction of a high tower. The base of the whole 
structure is subject to the pressure of the entire load above, and must 
be able to resist it by compressive strength. Horizontally inserted 
beams, carrying loads, must have strength to resist bending. There 
are, furthermore, forces of gravity and all kinds of strains, caused by 
shearing and torsional forces, which must be accounted for. Consider- 
ing the fact that in the growth of a rye-plant nature provides completely 
for the resistance against this complicated system of stresses, and com- 


paring this kind of engineering with corresponding human efforts, then 
even the famous and much admired Hiffel tower appears as a relatively 
large and clumsy structure. 

According to Francé,* a rye stalk has an average height of 1,500 
millimeters and a diameter of 3 mm. at the base. This, transformed to 
the proportions of architecture, means that nature has here established 
a structure which in comparison is 33 times the height of one of the 
towers of the Cathedral of Cologne. Imagine now that at the top of 
such a colossal tower a proportionally large and heavy ear of rye be 
pendling, and we get an idea of the amount of compressive, tensile and 
bending strength a plant-stalk may acquire. We become aware that the 
plant, with extreme perfection, applies the same principles with which 
the engineer is working. One discovers relations which the engineer 
finds in studying moments of inertia, bending moments, etc., in beams, 
girders, columns, and all kinds of trusses. Thus the plant produces 
extremely complex structural phenomena, which, from the standpoint 
of the engineer, reveal a masterful knowledge of the laws of mechanics 
and the consequent economy of materials. The same statement applies 
to the physiological problems of zoology. 

*<*Tylustrierte Zeitung,’’ 1909. 
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While in the foregoing examples special stress was put on the rela- 
tive identity of mechanical principles in engineering and nature, it will, 
in the next place, be interesting to show that in many cases the laws of 
rational construction and design are at a glance geometrically apparent. 

Jf we think of the cross-section of a tree, further growth must 
necessarily occur in directions normal to the surface of the last year- 
ring. ‘This causes the year-rings and pith-rays to form a system of 
orthogonal trajectories. In Fig. 4 such a system, consisting of two 
conjugate pencils of circles, is shown, and is caused by a rate of growth 
greater in one direction than another. 

The inner yellow portion of a daisy (Chrysanthemum leucanthe- 
nun) exhibits a beautiful geometrical arrangement of its elements. 
By the mathematical principle of conformal transformations it can 
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easily be proved that the best distribution of the elements is obtained 
when the lines appearing in the configuration of the flower (Fig. 5) 
are logarithmic spirals.® 

In a similar manner the location of the leaves along the stem of a 
plant is determined by remarkable numerical relations.* The fraction 
n/m expressing the parts of the circumference by which consecutive 
leaves are separated are constant for each species and are the successive 
approximations of the continued fraction 


thelr ess, 
7. e., 1, 4, $, 3, 2, aS, ---, which, on the other hand, are also the terms 
of a special Lamé’s series. Arranging the leaves according to these 
fractions, nature insures for each species the best distribution of light 
and masses, and consequently the best growth. 

Helical motion in the growth of certain plants around supporting 
poles may be explained mechanically. The outer parts exposed to the 
light grow faster than the inner portions, with the resulting tendency 
to bend the stem around the pole. This, combined with the upward 
growth, produces the spiral motion. ‘The fact that most climbing 
plants, with a few exceptions (hops, Polygonum convulvulus, eic.), 
show left-handed twisting may be circumscribed by calling it “ geo- 
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’Emch, ‘‘L’Enseignement Mathématique,’’ Vol. 7, p. 722 (1910). 
*Strassburger, ‘‘ Lehrbuch der Botanik fiir Hochschulen,’’ pp. 31-35, 
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tropism.” This, however, does not give a mechanical reason for it; 
not more so than for the left-handed spirals of snail-shells. In the 
Rocky Mountains I have often noticed this peculiar tendency in the 
uniform twisting of the fibers of the Lodge Pole pine. 

The plain appearance of geometric configurations and relations is, 
of course, not limited to plant life alone; mineralogy, zoology and 
geology also offer many examples of this kind. 

The forms of crystals, for instance, may be derived abstractly from 
certain considerations in the theory of groups. 

Mendel’s law of heredity has in recent years become of extreme im- 
portance as a powerful means of research.” The abstract form of this 
law is derived from combinatory analysis, as will appear from the 
following experiment of L. Cuénot.2 All individuals of the offspring 
resulting from the crossing of the ordinary gray mouse with the albino 
mouse are gray; the gray element G dominates, while the white element 
W is hidden by the gray. Crossing individuals of the offspring, among 
the new offspring there will be gray and white specimens, and the ratio 

7Lang, ‘‘Uber die Mendelschen Gesetze, ete.,’? Schweiz. Naturf. Gesellsch., 


Luzern, 1905. 
® Revue Seicntifigue, Paris, 1906. 
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of their respective numbers is generally 3 to 1. To explain this fact, 
first observed by Mendel, the hypothesis is made that in crossing the 
specific sexual elements merely associate and do not form a new uniform 
individual element. Among the G- and W-elements, in equal numbers, 
the following combinations are possible during the act of generation: 

G and G, 

G and VW, 

W and G, 

W and W. 
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Each of these combinations is the starting point for a new individual. 
It will be gray if there is a dominant G in the combination. Hence, 
among the offspring there will be three gray and one white. The result 
may be expressed by the formula 


GW -GW=1GG + 2G + 1W, 


which is corroborated by similar experiments of other investigators. 

In graphic statics, one of the most valuable branches of structural 
engineering, may be found the reason for the peculiar distribution of 
the substance in the upper portion of a thigh-bone along orthogonal 
trajectories (Fig. 6a). This is in analogy with the problem of a crane- 
like structure, as diagrammatically shown in Fig. 6b. It is well known 
that the curves of maximum compression and tension in a strained 
body form an orthogonal system,® and it seems natural that in order 
to insure greatest strength, cell matter should be deposited according 
to this system. 

An orthogonal system formed by the stream lines and lines of 
greatest tension, which appear as lateral cracks and crevasses, is shown 
in most glacial movements (Fig. 7). The directions of corresponding 
stresses and sections upon which they act form an involutoric pencil 
of rays. The case where the field is exclusively subject to tensions 
only Jeads to elliptic involutions around all points. Every involutoric 
pencil admits of a rectangular pair, corresponding to the maximum and 
minimum stresses; tensions in this case. ‘The effect of this condition 
is shown in Fig. 8, representing the cracks of a mud-bed or on a heavily 
varnished surface which is drying np. In this ease only tensile normal 
stresses act on the rectangular pair. One is a maximum, the other a 
minimum. After a crack has formed, the maximal stress and strain 
normal to the crack has been relieved, so that the former minimal 
normal tension along the crack becomes now the maximum. ‘The next 
rupture will therefore be orthogonal to the first crack. The reason for 
this peculiar configuration is thus found by the methods of projective 
geometry.’° 

A great number of other examples from the realms of natural his- 
tory might be added which all would give further evidence of the fact, 
that the whole evolution of the inventive and creative human intellect 
is reflected by the well-perceived phenomena of nature. 

By the laws of the universe the human mind is forced to repeat the 
same logic conclusions, according to which the rest of the organic world 
and nature in general manifest themselves. 

* Ritter, ‘‘Graphische Statik,’’ Vol. 1, pp. 128-134. 

* Emeh, ‘‘An Introduction to Projeetive Geometry and its Applications,’’ 
pp. 239-241, New York, 1905. 
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AMERICAN MATHEMATICS 


By Proressor G. A. MILLER 


UNIVERSITY OF ILLINOIS 


BOUT a dozen years ago a well-known French mathematician 
wrote as follows in reference to our mathematical situation :? 
“ Mathematics in all its forms and in all its parts is taught in numerous 
[American] universities, treated in a multitude of publications, and 
eultivated by scholars who are in no respect inferior to their fellow 
mathematicians of Europe. It is no longer an object of import from 
the old world but it has become an essential article of national produc- 
tion, and this production increases each day both in importance and in 
quantity.” 

Taken by itself this assertion looks good and it is doubtless more 
nearly true to-day than it was at the time of publication. If we turn 
our eyes away from this statement and rest them upon the mathematical 
book shelves of a good library, we can not fail to notice that our accom- 
plishments do not seem to be in accord with the complimentary state- 
ment noted above. This disaccord will become still more evident if we 
look through the pages of some of the standard works of reference, such 
as the great mathematical encyclopedias which are now in the course of 
publication. 

If a student of the history of mathematies would make a list of the 
leading mathematicians of the world during the last two or three cen- 
turies, arranging the names in order of eminence, he would have a fairly 
long list before reaching the name of an American. Such names as 
those of Euler, Cauchy, Gauss, Lagrange, Galois, Abel and Cayley have 
no equals in the history of American mathematics; and, among living 
mathematicians, probably all students would agree that there are no 
American names which should be placed on a mathematical equality 
with those of Poincaré, Klein, Hilbert, Frobenius, Jordan, Picard and 
Darboux. Both of these lists of names could be considerably extended 
without any danger of being unfair to the mathematicians of this coun- 
try, but they suffice to establish the fact that our mathematical situa- 
tion is not yet satisfactory, notwithstanding our remarkable progress 
during recent decades. 

This unsatisfactory situation is reflected in many of our standard 
books of reference. For instance, under such an important word as 
“matrix” one finds in Webster’s New International Dictionary (1910) 


*Laisant, ‘‘La Mathematique, Philosophie-enseignement,’’ 1898, p. 143. 
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the following statement: “The matrix has also significance apart from 
its development into a determinant.” In view of the fact that a matrix, 
as commonly used by mathematicians, has no possible development, it is 
clear that the given sentence does not convey any information. In fact, 
the other remarks under this term are almost equally objectionable, and 
they raise the question whether a philosopher should be selected to 
define the mathematical terms of a standard work. 

It is not implied that such an extensive work as a large dictionary 
could be expected to be free from defects, but there is always a limit 
to the number and the type of those which appear excusable. When 
one reads in such a dictionary that “algebra is that branch of mathe- 
matics which treats the relations and properties of quantity by means 
of letters and symbols,” and then turns to page 22 of volume 1 of the 
large French mathematical encyclopedia and reads that “it is con- 
venient, in arithmetic, to represent any number by a letter, it being 
understood that this letter denotes a single and the same number when- 
ever one remains in the same subject,” it becomes evident that the given 
definition of algebra is not supported by some of the highest authorities. 

In fact, such terms as arithmetic, algebra and geometry are used 
with such a wide range of meanings by eminent anthorities that it 
seems impossible to give satisfactory definitions of them, and our dic- 
tionaries would convey more reliable information about mathematical 
terms by stating this fact, together with some indication of what broad 
subjects are generally classed under these terms, than by giving cate- 
gorical definitions which can be accepted only by those who have a 
meager knowledge of mathematics. 

Without implying that Webster’s New International Dictionary is 
any less reliable with respect to mathematical matters than most others, 
we shall refer to one more instance of misleading statements in this 
work. On page 2547 we read as follows: “'The cipher was originally 
a dot, used as a mere arbitrary sign to mark place or local value.’ Such 
a definite statement seems strange in view of the fact that the origin of 
zero is one of the unsettled questions of the history of mathematics. 
It is of interest to note in this connection that Cantor changed his view 
with respect to the origin of this concept and this symbol, in the third 
edition of Volume I. of his classic “‘ Vorlesungen neber Geschichte der 
Mathematik,’ where he states that the symbol for zero and the posi- 
tional arithmetic are probably due to the Babylonians instead of to the 
Hindus, as he had stated in the earlier editions of this work, and as is 
stated in a large number of other works. 

Our encyclopedias also frequently exhibit careless editing along the 
line of mathematical terms, and the choice of editors for such work 
often seems to indicate that the general editor regarded the choice of 
the mathematical editors as a matter of little consequence. Possibly 
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those who would be best qualified to render excellent service along this 
line are unwilling to undertake it in view of the large amount of labor 
which it involves. 

As an instance of a decided misstatement in one of the best of these 
encyclopedias we may cite the following: “ Sylow (1872) was the first 
to treat the subject [substitutions] apart from its applications to equa- 
tions.”? Very little reading along the line of the development of the 
theory of substitutions would reveal the absurdity of this statement. 
Nearly all of Cauchy’s fundamental work along the line of substitutions 
was no more intimately connected with the theory of equations than the 
articles by Sylow. Similar remarks apply to most of that part of 
Jordan’s work which antedates Sylow’s fundamental article, and also to 
the work of a number of other authors. 

Judging from the following words of Sir Oliver Lodge; “ the mathe- 
matical ignorance of the average educated person has always been com- 
plete and shameless,”* one could not expect to find very much better 
conditions in England. In fact, in consulting the large Murray English 
Dictionary, published at Oxford, England, the writer found under the 
first mathematical term which he consulted, viz., the word “ group,” 
not only an incomplete definition, but also the following incorrect state- 
ment: “The idea of group as applied to permutations or substitutions 
is due to Galois.” As a matter of fact, the idea of permutation groups 
was clearly developed by Ruffini about thirty years before Galois, not to 
mention the still earlier work by Lagrange and the early publications 
of Cauchy and Abel. 

One of the most direct inferences from what precedes is the fact 
that there is too much mathematical indifference. If more vigorous 
protests against the inaccuracies in our standard books of reference 
would be made, publishers and general editors would doubtless exercise 
greater caution in the selection of their mathematical editors. This 
mathematical indifference is perhaps still more disastrous when it exists 
among university administrators. Judging from several of the recent 
appointments in leading universities, it would appear that we are not 
moving as rapidly towards high mathematical ideals as one might wish. 

The English-speaking pure mathematicians constitute more nearly 
a terra incognita than the workers in any other large field of knowledge. 
This ts partly due to the nature of the subject and partly to the fact 
that there are so few mathematical works of reference in the English 
language. There never has been a good mathematical encyclopedia or 
other work of general reference in this language, while the French and 
Germans have had several such works in addition to the great encyelo- 
pedias which are now in the process of publication. All large mathe- 
matical histories have appeared in foreign languages. 

* New International Encyclopedia (1904), under ‘‘ Substitutions. ’’ 

°¢*Wasy Mathematies,’’ 1906, preface. 
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As a result of this lack of intermediate mathematical literature 
comparatively few of our people know what constitutes a mathematician 
of high order. The time has been when even the educated public 
seemed to believe that the author of a successful series of elementary 
text-books had necessarily gained a place among the great mathemati- 
cians of the world. As several of our most popular recent series of 
text-books were edited by men of remarkably low mathematical attain- 
ments, this view is no longer so generally held, but it is questionable 
whether it has been replaced by a more correct one on the part of the 
majority of those who feel entitled to express an opinion on the work of 
mathematicians. 

In looking over the work of the fourteen great mathematicians men- 
tioned above one finds that all of them published mathematical articles 
and that a majority of them also published treatises. Two of them, 
Abel and Galois, died at an early age, before they had time to develop 
sufficiently the fields in which they were interested to write extensive 
treatises. This is especially true of Galois, who published only five 
papers during his short lifetime of only twenty vears, but several of his 
other papers appeared later. 

The extent of the publications of the mathematicians mentioned 
above varies from the comparatively few brief articles by Galois to the 
voluminous publications by Euler, which are just now appearing in a 
collected form and are expected to fill forty large volumes. Judging 
from the great mathematicians of the recent past, it would appear that 
publication of original articles is one essential of greatness, but great- 
ness is not measured so much by the number and the extent of such 
publications as by their merits. It should, however, be observed that 
nearly all of the great mathematicians of the recent past have published 
a large number of research papers. In the case of Cayley, who is the 
only Englishman in the given lists, the number of these papers is about 
one thousand. 

America has never had a mathematician who published as exten- 
sively as some of the European mathematicians, and the average ex- 
tent of our publications is much below the average of the leading 
mathematical countries of Europe, if we exclude the elementary text- 
books. It is doubtless true that the most important consideration at 
present is the improvement of the quality of our publications, but we 
are also in need of more mathematical journals to insure more rapid 
publication of good research material. If the crowded condition of our 
research journals would induce a larger number to assist in bringing out 
more good intermediate mathematical literature, it would doubtless be 
of great importance for the future advancement of the science. 

One of the leading agencies in bringing about rapid mathematical 
advances during the last few decades is the American Mathematical 
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Society, which is now one of the strongest mathematical societies of the 
world and has probably a larger income than any other similar organ- 
ization. It publishes two journals and its frequent meetings furnish 
favorable opportunities to renew zeal and to cooperate in the more 
important advances. These meetings serve also as a good medium to 
spread reliable information in reference to young men of promise and 
to secure for them more prompt recognition than would otherwise be 
possible. 

One of the most hopeful signs as regards American mathematics 
is the fact that our students are in close contact with several of the 
mathematical centers of Europe. Tt is no longer true that nearly all 
Amniericans who go abroad for the purpose of studying mathematics lo- 
eate in the same institution or in the same country. In recent years, 
Italy has grown rapidly in favor, while the leading universities of Ger- 
many and France continue to attract a considerable number of our best 
students. ‘The rapid interehange of ideas resulting from the scatter- 
ing of our mathematical students in foreign countries is doing much 
to dispel prejudices, to make American mathematics cosmopolitan, and 
to awaken a keener appreciation of the advantages and the disadvantages 
of our own institutions. 

Tf one bears in mind the facts that our hbrary facilities were very 
poor until recent years and that no locality offers in itself any special 
inducements for mathematical study, one should perhaps be surprised 
by the rapid mathematical advances during the last few decades rather 
than by the fact that we have not yet attained to greater national 
eminence. It remains to be seen whether we shall ever be on an equality 
with the leading mathematical nations of the world. The rapidity with 
which we have obtained respectful recognition and the American 
eminence in some of the other sciences might reasonably awaken the 
hope that we may be not far from the time when we shall deserve, in 
the strictest sense, the position pictured in the first paragraph in such a 
friendly spirit. 
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BUFFON AND THE PROBLEM OF SPECIES 


By Proressor ARTHUR O. LOVEJOY 


THE JOHNS HOPKINS UNIVERSITY 


I 


TLERE is no chapter of the history of the theory of organic evolution 
more confused or more controverted than that which relates to 
the position of Buffon. Upon one point, indeed, nearly all expositors of 
the “ Histoire Naturelle” are agreed—namely, that Buffon’s own 
expressions on the subject, if taken at their face value, contradict one 
another. But upon the questions whether his utterances were meant to 
be taken at their face value; whether, by a due consideration of dates, 
the contradictions can not be regarded as consecutive steps in a logical 
progress of doctrine; whether he was in the main a partisan or an 
opponent of transformism: upon these questions both the biographers 
of Buffon and the historians of evolutionism are greatly at variance. 

The riva] interpretations fall into six groups: (1) Older writers of 
the anti-evolutionary school, such as Cuvier and Flourens, while admit- 
ting that (in the words of Flourens) “the ideas of Buffon were con- 
stantly subject to profound mutations,” were wont to maintain that in 
the last analysis and in the long rnn he must be counted among the 
defenders of the doctrine of immutability of species. Among recent 
writers Packard gives a similar account; while he recognizes “ tenta- 
tive” evolutionistic utterances in the “ Histoire Naturelle,” he opines 
that Buffon himself “did not always take them seriously, but rather 
jotted them down as passing thoughts.” (2) One of the earlier French 
evolutionists, Isidore Geoffroy St. HWilaire,t contended that there was no 
mere fluctuation in Buffon’s teaching, but simply an orderly movement 
of thought from one position to another. 

Buffon does but correct himself; he does not fluctuate. He goes forward 
once for all from one opinion to another, from what at the outset he accepted 
on the authority of another to what he recognized as true after twenty years 
of research. 

The successive phases of opinion through which, according to Isidore 
Geoffroy, Buffon passed were three. At the beginning of his work 
(1749) and down to 1756 or later, he “still shared the views of 
Linneus ” and aflirmed consistently the theory of immutability. From 
1761 to 1766 he asserted the hypothesis of variability in an extreme 
form. Later he became convinced that “in setting himself free from 
the prevailing notions,” he had, “ like all other innovators, gone some- 


‘In his ‘‘Ilistoire Naturelle Générale,’’ Vol. II., 1859. His account is 
translated in Butler’s ‘‘ Evolution Old and New.’’ 
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what to the opposite extreme ”; and in all his writings subsequent to 
1766 he held to a doctrine of “ limited mutability,” to the “ permanence 
of the essential features” of species and “the variability of details.” 
This division of Buffon’s opinions into three periods, of which the middle 
one was characterized by an extreme evolutionism, has been accepted by 
a number of later writers. It is apparently adopted by Osborn, though 
not to the exclusion of other interpretations inconsistent with it.2 (3) 
By several recent writers—such as Samuel Butler, de Lanessan, 
Giard, Clodd—Geoffroy’s scheme of three periods is rejected, and Buffon 
is declared to have been an evolutionist throughout virtually his whole 
career as a writer. Those who take this view explain away his apparent 
self-contradictions by various suppositions. Guard, for example, holds 
that Buffon began as a transformist, but was led by his difficulties with 
the ecclesiastical authorities (in 1751) to conceal his real position for a 
number of years, becoming bolder and more outspoken after 1761, when 
his fame was securely established. In other words, Giard proposes an 
alternative division into three periods, in which the middle phase is the 
least evolutionistic. Samuel Butler, who has taken the most extreme 
ground of all in favor of the view that Buffon was a whole-hearted 
evolutionist, endeavors at great length and with much ingenuity to show? 
that all the anti-evolutionary passages in the “ Histoire Naturelle” are 
ironical. According to this interpretation Buffon must almost be said 
to have woven a sort of cryptogram into his work. “ His irony is not 
the ill-natured irony of one who is merely amusing himself at other 
people's expense, but the serious and legitimate irony of one who must 
either limit the cirele of those to whom he appeals, or must know how 
to make the same language appeal differently to the different capacities 
of his readers, and who trusts to the good sense of the discerning to 
understand the difficulty of his position, and make due allowance for it.” 
In other words, Buffon threw in sufficiently frequent affirmations of the 
immutability of species to deceive, or at least to quiet, the doctors of the 
Sorbonne, and in the very act of doing so he made it evident to the 
judicious reader that the opposite conclusion was the one to be accepted. 

The three remaining interpretations of Buffon’s position are less 
subtle and ingenious. (4) The author of the most comprehensive recent 
history of biological theories? tells us that, though Buffon “ speculated 
about the origination of one species from another,’ he did not 
“ especially interest himself in the question of the mutability of species; 
his too little developed sense for the historical [7. ¢., the genetic] aspect 
of nature did not permit him to put clearly before himself such a ques- 
tion as that concerning the origin of species. Tow should he have done 
so, since he did not even believe in the existence of species, but recog- 

2**Prom the Greeks to Darwin,’’ 130-135. 

*Tn his ‘‘ Evolution Old and New.’’ 

*Radl, ‘‘Gesch. der biologischen Theorien,’’ [., 1905, pp. 117-118. 
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nized only individuals?” (5) Dacqué, in what is at many points the 
least inaccurate of the histories of evolutionism,® deelares that Buffon 
brought forward no more profonnd ideas than his contemporaries “ upon 
the interconnection of the phenomena of organic nature,” though he did 
something to clarify the conception of geological evolution, and 
“regarded species as variable within certain limits.” (6) The writer 
who (so far as I know) has most recently discussed the subject, 
Landrieu,® seems finally to give up as hopeless the attempt to reduce 
Buffon’s utterances to harmony and coherency. He adds, however, that 
in spite of these inconsistencies, “ Buffon retains the indisputable honor 
of having been the first zoologist to admit the possibility of specific 
variations due to environmental influences and extending beyond the 
limits of species.” 

All of these accounts of the matter seem to me to be either inadequate 
or erroneous, thongh all may be said in some measure to be founded 
on fact. Most of them—especially of the more recent ones—wholly 
ignore two essential considerations in relation to Buffon’s biological 
conceptions, in the light of which all that he wrote must be interpreted. 
In attempting to present a more adequate and more correct analysis of 
Buffon’s opinions, I shall be obliged to tax the reader’s patience with 
many and lengthy citations. Where there has been so much disagree- 
ment, it is necessary to present the proofs for nearly every statement 
propounded. And where so much error has arisen through the citation 
of brief passages in disregard of their contexts, it is important that 
pains be taken to quote or summarize so much of each text as appears 
to be in any way relevant to the question under consideration. 

1. The first volume of the great treatise (1749) opened with a 
preliminary disquisition on the methodology of the science, a “ Discours 
de la mantére d’étudier et de traiter histoire naturelle.” In this Buffon 
gave a salutary emphasis to the demand for a more “ philosophical ” 
way of studying botany and zoology than had been exemplified by 
Linnens and Tournefort and the other great systematists. Description 
and classification, Buffon insisted, were the least part, thongh a neces- 
sary part, of “natural history.” 

We ought to try to rise to something greater and still more worthy of 
occupying us—that is to say, to combine observations, to generalize the facts, 


a little book less 


*«*Der Descendenzgedanke u. seine Geschichte,’’ 1903 
known than it deserves to be. 

®Jn his ‘‘Lamarck, fondateur de 1’évolution,’’ 1909, pp. 275-283. May I 
improve this oceasion to express the hope that both French and English writers 
may some day be broken of the habit of talking of ‘‘evolution’’ when they 
mean ‘‘eyolutionism’’? Both languages chance to be provided with a suffix 
for distinguishing a theory which affirms, or relates to, a given fact from the 
fact itself; it seems a pity to throw away this instrument of linguistic precision. 
It is surely absurd (not to say profane) to speak of Lamarck or any other 
mortal as ‘‘the founder of evolution’’; or of the eighteenth century as ‘‘the 
beginning of evolution.’’ 
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to link them together by the force of analogy, and to endeavor to attain that 
high degree of knowledge in which particular effects are recognized as de- 
pendent upon more general effects, nature is compared with herself in her 
larger processes, and thus ways are opened before us by whieh the different 
parts of physical science may be perfected. For success in the former sort of 
study there are needful only a good memory, assiduity and careful attention; 
but for the sort of which we are here speaking other qualities are requisite: 
breadth of view, steadiness of vision, a power of reasoning formed by the 
practise of reflection even more than by learning, For such study, in short, a 
man must have that quality of mind which enables him grasp remote relations 
between things, to bring them together, and thereby to form a body of reasoned 
conclusions, after having duly estimated similarities and weighed probabilities. 

But these judicious and stimulating, if slightly vague, appeals for 
the conversion of natural history into a science of causal relations and 
generalized laws, were not the principal purpose of the preliminary dis- 
course. The thought of Buffon at the tine when he wrote that essay 
seems to have been dominated above all by a single idea, which was also 
one of the two or three ruling ideas of the whole of the first half of the 
eighteenth century—namely, the Leibnitian “principle of continuity ” 
(lex continut). In the intellectual fashions of this period, next to the 
blessed word “ Nature” the most sacred phrase was “ the Great Chain 
of Beings”; indeed, one of the truths that man was supposed to know 
most surely about nature was that she “ makes no leaps.” In the form, 
especially, of the neo-Platonic and Spinozistic metaphysical assumption 
that all possible forms must exist, the principle was much older than the 
philosophy of Leibniz ;* but it owed to him and his disciples a more 
definite formulation and a greatly increased popular currency. It de- 
clared that all entities are arranged in a graded scale of similarity, so 
that for every being that exists there also exists some other (in the strict 
version of the principle, one and only one other) from which its differ- 
ence Is infinitesimal, 7. ¢., less than any assignable difference. A typical 
statement of the doctrine is Bonnet’s :* 


Between the lowest and the highest degree of corporeal or spiritual per- 
fection there is an almost infinite number of intermediate degrees. The series 
of these degrees constitutes the Universal Chain. It unites all beings, binds 
together all worlds, embraces all spheres. One Being alone is outside of this 
chain, and that is He who made it... . There are no breaks (sauts) in nature; 
all is graduated, everything shades off into the next thing. If, between any 
two beings whatever, there existed a gap, what would be the reason of the 
transition from the one to the other? There is, therefore, no being above or 
below which there is not some other that approximates it with respeet to some 
characters and diverges from it with respect to others. 


All this (as Bonnet’s language intimates) was held by the Leibni- 
tian philosophy to be logically imphed by the still more fundamental 
“principle of sufficient reason.” For if the gradations found in nature 


™This implied that there must be one, and can be only one, sample of every 
possible kind or degree of entity. To consider Leibniz’s attitude toward this 
form of the prineiple would involve too much technical metaphysics. 

§<<Contemplation de la Nature’’ (1764), 2d ed., 1769, I., 26-27. 
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were discontinuous, if between any two beings an intermediate type 
were logically capable of existing, but actually non-existent, the uni- 
verse would stand convicted of irrationality. A thing for the existence 
of which there was just as much “reason” as there was for the existence 
of certain other things would have failed of realization, while the others 
arbitrarily enjoyed the privilege of actuality. The principle of con- 
tinuity owed its vogue in part, also, to the influence of the Leibnitian 
palculus, which had brought infinitesimals and the notion of the con- 
tinutin peculiarly into fashion. 

Applied primarily to the “ monads” of Leibniz’s metaphysics, the 
principle found a multitude of other applications. It served, for 
example, as the chief basis of the arguments for optimism of which 
the early eighteenth century was so fond. Pope’s “ Essay on Man” 
is full of the argument from the necessity of continuity to the necessity 
of imperfections and apparent evils. 

Vast chain of being! which from God began; 
Nature’s ethereal, human, angel, man, 

Beast, bird, fish, insect, whom no eye can see, 
No glass can reach; from infinite to thee, 
From thee to nothing. On superior powers 
Were we to press, inferior might on ours; 


Or in the full creation leave a void, 
Where, one step broken, the great scale’s destroyed. 


For the limitations of man’s lot the sufficient consolation is that 
the principle of continuity requires them ; in a system 
Where all must full or not coherent be, 
And all that rises, rise in due degree,— 
Then in the seale of reasoning life ‘tis plain 
There must be, somewhere, such a rank as man. 


From the assumption of the same principle sprang the inquiries from 
which the science of anthropology may be said eventually to have 
originated. As a historian of the beginnings of that science has said: 

The question concerning the line of demarcation between man and _ the 
animal kingdom was plainly forced upon anthropology by the philosophy of 
Leibniz. The lex continui demanded the discovery of that ‘‘grade’’ (nuance) 
of existence among the higher organisms which comes nearest to the human 
species. And so there began the celebrated quest of the ‘‘missing link.’’ In 
the first phase of this quest, the missing link was sought at the lower limits of 
humanity itself. It was held to be not impossible that among some of the 
more remote peoples semi-human beings might be found, such as had now and 
then been deseribed in travelers’ tales. Some voyagers had testified to having 
seen with their own eyes men with tails; others had encountered tribes incapable 
of speech. Linneus mentions a homo troglodytes concerning whom it was not 
established with certainty whether he was more nearly related to the pygmies or 
to the orang-outang. The most eminent men of science down to a late period in 
the eighteenth century hesitated to reject absolutely the possibility of the exist- 
ence of such beings.’ 


° Giinther, ‘‘ Die Wissenschaft vom Menschen im 1S8ten Jahrhundert,’’ p. 30. 
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It was, then, the applieation of this principle to natural history 
that was Buffon’s main object in his preliminary discourse. The con- 
sequences of it, when it was applied in this field, were simple and 
evident and drastie: there can be no such thing as a “ natural,’ or even 
a consistent “system” of classification, since there are no sharp-eut 
differences in nature, and sinee, therefore, species and genera are not 
real entities but only figments of the imagination. It is easy, Buffon 
wrote, to see the essential fault in the work of the systematists, the 
inventors of “ methods” as a class. 


It consists in an error in metaphysics in the very principle underlying these 
methods. This error is due to a fatlure to apprehend nature’s processes, which 
take place always by gradations (nuances), and to the desire to judge ot a 
whole by one of its parts.” 


Man, placing himself at the head of all created things and then ob- 
serving one after another all the objects composing the universe, 


will see with astonishment that it is possible to descend by almost insensible 
degrees from the most perfect creature to the most formless matter; ... he 
will recognize that these imperceptible shadings are the great work of nature; 
he will find them—these gradations—not only in the magnitudes and the forms, 
but also in the movements, in the generations and the successions, of every 
species." If the meaning of this idea be fully apprehended, it will be clearly 
seen that it is impossible to draw up a general system, a perfect method, for 
natural history. ... For in order to make a system or arrangement, everything 
must be included, and the whole must be divided into different classes, these 
classes into genera, and the genera into species—and all this according to an 
order in which there must necessarily be something arbitrary. But nature pro- 
ceeds by unknown gradations, and consequently can not wholly lend herself to 
these divisions—passing, as she does, from one species to another species, and 
often from one genus to another genus, by imperceptible shadings; so that 
there will be found a great number of intermediate species and of objects 
belonging half in one class and half in another. Objects of this sort, to which 
it is impossible to assign a place, necessarily render vain the attempt at a 
nniversal system.” 


Jn short, the whole notion of species is inconsistent with the coneeption 
of nature as a graded eontinuum of forms in whieh there are no breaks. 


In general, the more one increases the number of one’s divisions, in the 
case of natural products, the nearer one comes to the truth; since in reality 
individuals alone exist in nature, while genera, orders, classes, exist only in our 
imagination.* 


The vogue of the principle of continuity in the eighteenth century 


wee list. Nat., Vol. L., 1749, p. 20. 

“These words are Buffon's nearest approach in the introductory discourse 
to a suggestion of the mutability of species. De Lanessan has interpreted them 
as an aflirmation of transformism; but they are too vague to justify such a 
construction. 

weoVist. Nat.,”’ Vol. I, 1749) p. 13. ich the-samie’ thing had, however, 
been said by Ray over sixty years before; ef. ‘‘ Historia Plantarum,’’ 1686, 
L., p. 50. 

*® Op. cit., p. 38. 
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was, unquestionably, an important influence tending to prepare men’s 
minds for the acceptance of the conception of evolution; but the two 
doctrines were by no means synonymous, nor did the adoption of the 
former necessarily imply adherence to the latter. The lex continui is 
historically important because it led to one of the early notable depar- 
tures in modern thought from what may be ealled a Platonistie habit of 
mind, that had, in a hundred subtle ways, dominated most European 
philosophy and science for many centuries; it meant, In some degree, 
the abandonment of the fashion of thinking of the universe as tied up in 
neat and orderly pareels, the rejection of rigid categories and absolute 
antitheses, as inadequate instruments for the description of the ecomplex- 
ity and fluidity and individuatedness of things. In other words, the 
principle of continuity, though itself the product of the extreme of 
philosophical rationalism, tended in a mild way towards a sort of anti- 
rationalism, towards a distrust of over-sharp distinetions and ovyer- 
simple conceptions, towards a sense of certain incommensurability be- 
tween the richness of reality and the methods of conceptual thought. 
And in the nineteenth century this same tendency, in vastly more ex- 
treme forms, has been far more conspicuously furthered by the influence 
of the doctrine of evolution. But the idea of continuity as generally 
held in the time of Buffon had no reference to temporal sequences 
and by no means involved, in the minds of those who aecepted it, 
any definite belief in the descent of what are commonly called species 
from other species.‘ If the presupposition of continuous gradations 
and imperceptible transitions had been explicitly brought to bear upon 
genetic problems in biology, it would naturally though not necessarily 
have suggested some sort of theory of descent. But, curious as the fact 
ay appear, the presupposition was ordinarily not brought into con- 
nection with genetic problems at all; it was taken in an essentially 
static sense. 

And it seems to have been taken in this sense by Buffon in the 
introductory discourse in his first volume. A single obsenre phrase, 
which I have already quoted, might be regarded as hinting at the con- 
ception of organic evolution, if the general tenor of the essay lent any 
confirmation to sueh an interpretation. But nowhere else in this 
writing is it even remotely suggested that the conception of the con- 
tinnity of forms involves the conception of the descent of so-called 
species from one another. It is scarcely conceivable that if Buffon 


“This fact has often been overlooked by interpreters of eighteenth century 
writers. When we find such a writer saying that ‘‘nature passes from one 
species to another by gradual and almost imperceptible transitious,’’ it is by 
no means safe to assume that the phrase contains any reference to genealogical 
transitions, or that the writer meant by his words to aflirm the transformation 
of species through the summation of slight individual variations. Misappre- 
hension upon this point has eaused some eighteenth century authors to be quite 
undeservedly set down as evolutionists. 
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had had before his mind so momentous a new idea as that of evolution, 
he should not have contrived to give a far plainer intimation of it than 
a single vague remark that imperceptible gradations are found not 
only in the forms but also in the generations and the successions of 
every species. At this time, at all events—whatever he may have been 
later—Buffon was fairly outspoken in the expression of even hetero- 
dox hypotheses; it was only subsequently that he was condemned by 
the Sorbonne, on account of opinions propounded in his “ Théorie de 
Ja Terre,” contained in the same volume as the preliminary discourse. 
Tt is significant, moreover, that at this date he saw no hint of any 
evolutionary significance in the homologies of the vertebrate skeleton ; 
he had as yet learned nothing from comparative anatomy. This is 
shown in the argument by which he defends his own method of 
arranging species—a method which wholly ignored anatomical con- 
siderations and merely proceeded from the more familiar to the less 
familiar animals. 

Is it not better to make the dog, which is fissiped, follow (as he does in 
fact) the horse, which is soliped, rather than have the horse followed by the 
zebra, which perhaps has nothing in common with the horse except that it is 


soliped? . . . Does a lion, because it is fissiped, resemble a rat, which is also 
fissiped, more closely than a horse resembles a dog? 


Jt is probable, then, that in writing the opening discourse of his 
great work Buffon was innocent of any idea of organic evolution; it is 
certain that he did not convey that idea in any such way that a reader 
of his time might be expected to recognize it. Nor did he make any 
use of the conception of the descent of species in his “ Théorie de la 
Terre,” of the same date—where he might naturally have been expected 
to introduce the doctrine, if he held it; on the contrary he implies (p. 
197) the equal antiquity of all species—thongh he does so in a way 
which, I confess, might plausibly be taken as ironical. The truth is that 
when under the influence of the principle of continuity Buffon’s mind 
overshot the problem of the origin of species altogether. There were no 
such things as species: upon this potmt he was clear. There was there- 
fore no need of explaining their genesis. «As for the further question, 
how successive generations of offspring are related in form to their fore- 
bears, that was a question upon which the principle of continuity had, 
strictly speaking, nothing to say. That offspring varied somewhat, 
and usually slightly, from their parents every one knew; to this extent 
the conformity of the laws of heredity to the law of continuity was a 
common-place of every-day observation. Beyond this, no definite 
genetic or embryological consequences seemed necessarily to follow 
from the maxiin watura non facit saltus. 

The most important thing, however, to remark concerning Buffon’s 
position in his first volume is that it 1s a position which he speedily 


8 << Hist, Nat.,?? Vol. I., p. 36. 
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abandoned, and to which he never returned.’® Its most characteristic 
point was the contention that nature knows only individuals and that 
species are entia rationis merely. The most characteristic point of 
nearly all his subsequent references to the subject is the contention that 
species are real entities, definable in exact and strictly objective terms, 
and necessary to take account of in any study of natural history. 

This change already was manifest in the second volume, published 
in the same year as the preliminary discourse (1749). In this volume 
Buffon propounded his celebrated definition of species, which was des- 
tined to have so great an influence upon the biological ideas of the 
later eighteenth century. 


We should regard two animals as belongng to the same species if, by 
means of copulation, they can perpetuate themselves and preserve the likeness 
of the species; and we should regard them as belonging to different species if 
they are incapable of producing progeny by the same means. Thus the fox will 
be known to be a different species from the dog, if it proves to he the fact that 
from the mating of a male and a female of these two kinds of animals no off- 
spring is born; and even if there should result a hybrid offspring, a sort of 
mule, this would suffice to prove that fox and dog are not of the same species— 
inasmuch as this mule would be sterile (ne produtrait rien). For we have 
assumed that, in order that a species might be constituted, there was necessary 
a continuous perpetual and unvarying reproduction (une production continue, 
perpétuelle, invariable)—similar, in a word, to that of the other animals.” 


This langnage, it will be observed, implies not only that species are 
real entities, but also that they are constant and invariable entities. 
The same implication may be found again later in the volume; Buffon 
thus concludes the exposition of his embryological hypotheses—which 
embraced a theory of pangenesis: 


There exists, therefore, a living matter, universally distributed through all 
animal and vegetal substances, which serves alike for their nutrition, their 
growth and their reproduction. . . . Reproduction takes place only through the 
same matter’s becoming superabundant in the body of the animal] or plant. 
Each part of the body then sends off (renvoie) the organic molecules which it 
can not admit. Each of these particles is absolutely analogous to the part by 
which it is thrown off, since it was destined for the nourishment of that part. 
Then, when all-the molecules sent off by all the parts of the body unite, they 
necessarily form a small body similar to the first, since each molecule is similar 
to the part from which it eomes. It is in this way that reproduction takes place 
in all species. . . . There are, therefore, no preexisting germs, no germs con- 
tained within one another ad infinitum; but there is an organic matter, always 
active, always ready to be shaped and assimilated and to produce beings similar 
to those which receive it. Animal or vegetable spevies, therefore, can never, of 
themselves, disappear (s’épuiser). So long as any individuals belonging to it 


2 RAdl’s account, already quoted, of Buffon’s attitude towards transformism 
and towards the conception of species, is apparently based chiefly upon the first 
volume. For virtually all of Buffon’s views, except his early and quickly repudi- 
ated one, Rédl’s statement is almost the exact reverse of the truth. 

<< VTist. Nat.,’’ Vol. II., 1749, p. 10. 
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subsist, the species will always reniain wholly new. It is as much so to-day as 
it was three thousand years ago.* 


The reference here is primarily to the continuance rather than the 
invariability of species. But the latter seems also to be implied; and 
certainly Buffon does not improve the opportunity to introduce a hint 
of the doctrine of mutability—as he could hardly have failed to do if 
he had at this time held that doetrine and had been desirous of propa- 
gating it. It must be remembered that these passages also were written 
before Buffon’s opinions had been censured by the Sorbonne. 

No aecount of Bution’s position in the history of biology can be other 
than misleading which fails to note the decisive significance, for nearly 
all of his positions from the second volume onward, of the peculiarly 
Buffonian criterion of identity and diversity of species. Unless this 
criterion (and the implied distinction between species and varieties, 
which latter term covers many Linnean species) be borne in mind, 
most of the pages in the “ Flistoire Naturelle” which have an evolu- 
tionistic sound are likely to misinterpreted. This is what has happened 
in a number of the studies of Butfon’s relation to evolutionism. The 
error is especially conspicuously in Samuel Butler’s “ Evolution Old and 
New.” Butler has devoted nearly one hundred pages to a review of 
Buffon’s utterances on the subject; yet he nowhere lets his reader know 
that Buffon was the propounder of a new definition of species, which 
set up a radical distinetion between species and varieties, and implied 
that a species was a definite, objective, “ natural” entity. The over- 
sight is not due to any neglect of Buffon’s to emphasize and reiterate his 
definition. We recurs to it frequently in later volumes. Tis sense of 
its importance was such that the question of hybridism and the limits 
of fertility in cross breeding was one of the very few subjects which he 
can be said to have studied experimentally on his own aceount. He 
writes, for example, m 1755: 

We do not know whether or not the zebra can breed with the horse or ass; 
whether the large-tailed Barbary sheep would be fertile if crossed with our 
own; whether the chamois is not a wild goat; ... whether the differences 
between apes are really specific or whether the apes are not like dogs, one 
species with many different breeds. . . . Our ignorance concerning these ques- 
tions is almost inevitable, as the experiments which would settle them require 
more time, care and money than can be spared from the fortune of an ordinary 
man. J have spent many years in experiments of this kind, and will give my 
results when I come to speak of mules. But I may as well say at once that I 
have thrown but little light on the subject and have been for the most part 
unsuccessful.” 


BC Hist: Naty’? Vol. Il: pe 425: 


*Vol. V., p. 63. The passage is given by Butler, but he shows no sense of 
its general significance. 


(To be concluded) 
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A WORLD-WIDE COLOR LINE 


By TProressor U. G. WEATHERLY 
INDIANA UNIVERSITY 


One phase of the declining birth-rate among the white peoples of 

European stock has become increasingly important now that 
world interests have begun to override national and continental inter- 
ests. If mere numbers should turn out to be the determining factor in 
fixing the balance of world power the European peoples can not hope 
much longer to retain the hegemony which they have held since the 
period of wider colonization began. The whites have not themselves 
become stationary in numbers, but the extension of white influence mto 
regions inhabited by colored races has increased the prospect of a large 
growth among the latter. Those agencies which have kept down the 
natural increase of non-European peoples are usually either eliminated 
or very greatly modified when white rule is established or when white 
civilization comes to exert a preponderating inflnence. In Africa, for 
instance, the slave trade and intertribal wars have been practically 
abolished in those districts which have come under adequate European 
control. 

To the extent also that the salutary achievements of European 
civilization have been accommodated to native modes of living, mate- 
rial conditions have been so modified as to furnish an environment 
theoretically favorable to a greater economy of human life. Because 
in most instances this influence has been as yet only a casual one, and 
because many of the race contacts have occurred in regions and under 
conditions least favorable to good results, the saving of life has not 
been so marked as it might otherwise have been, but on the whole the 
influence of white civilization has been a notable factor in population 
economy among primitive peoples. 

There are of course some important exceptions to this rule. If white 
civilization does not everywhere and always counteract Malthus’s 
“ positive checks,” misery and vice, it is because the attempt to adjust 
primitive peoples to a more complex economy is sometimes destructive 
in itself. Many of the most wholesome conveniences and comforts of 
the European are disastrous to peoples accustomed to a simpler or at 
least to a different economy. Nansen claims that the Eskimo of 
Greenland have been demoralized by the introduction of fire-arms, 
bread, coffee and cloth as much as by European diseases. Mr. Bryce 
States that the adoption of European styles of housing and clothing, 
those pet items in the program of the militant philanthropist, has liter- 
ally decimated the natives of [Hawaii since Captain Cook’s time.? 

* Nansen, ‘‘ Eskimo Life,’? pp. 328-331. 

* Bryce, ‘*The Relations of the Advanced and Backward Races of Man- 
kind,’’ p. 11. 
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To these influences should be added the diseases, before unknown, 
which the whites have carried with them. Tuberculosis, small-pox, 
syphilis and aleoholism have proved peculiarly destructive to primitive 
peoples accustomed to a mode of life which brings the effect of such 
diseases to a maximum, Until proper medical service and adequate 
sanitary safeguards are secured, this heavy penalty for the fruits of 
civilization must continue to be paid. The change to a settled, orderly 
mode of living and to a new food economy may also often bring about 
a physical deterioration as baneful as specific diseases. 

European colonization in regions occupied by backward races often 
results in the violent destruction of native populations in the struggle 
for territorv. The Dntch settlers in South Africa are said to have re- 
garded “ shooting off the black stuff” as their first task in fitting the 
land for occupation. Whatever the government may have intended, it 
is certain that the Enghsh colonists in Australia have in many in- 
stances deliberately slaughtered the blacks on the pretext of safety. 
Writing of conditions as they existed thirty years ago, Carl Lumholtz 
Says: 

There are instances where the young men of the station have employed the 
Sunday in hunting the blacks, not only for some definite purpose, but also for 
the sake of the sport; the blacks have been killed by poison. A squatter at 
Long Lagoon in the interior of Queensland achieved notoriety by laying strych- 
nine for the blacks, and thus taking the life of a large number in a single day. 
... The result of this is that in the frontier districts there is still being waged 
a war of extermination between the two races. Any savage discovered by the 
white man runs the risk of being shot. Poison was laid in the way of the blacks 
once While I was in Queensland.* 

In certain instances like Tasmania and Cuba, European coloniza- 
tion has led to the complete extinction of the aboriginal population as 
a separate group, and in other instances, like those of the Maoris of 
New Zealand and the Hottentots, the native population has been very 
greatly depleted. Most of these disastrous results have come to peoples, 
generally blacks, in the lowest stages of culture. Where the aborigines 
are more advanced and hence more pliable they have usually profited 
by contact with Europeans. As a consequence several colored races are 
now enjoying considerable prosperity, due to the removal of the worst 
checks to their growth. The negroid peoples exhibit an amazing power 
of multiplication when protected from destruetive forces. Negrophobe 
critics are wont to go so far as to hold that this is the sole important 
capacity which the blacks possess. The race is taunted with being by 
nature and capacity proletarti in the most primitive sense of the term 
—mere breeders. 

While the vellow races are not so characteristically prolific as the 
blacks, they have, in several conspicuous instances, emerged on the 
modern field not only with a more elaborate culture, but with a denser 


§ Lumholtz, ‘‘ Among Cannibals,’’ pp. 346-347, 
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population within their natural habitats. Roughly speaking, eastern 
Asia is already peopled almost to the limit under present conditions, 
while tropical Africa is but sparsely populated in proportion to its 
capacity. Under favorable conditions of economic efficiency tropical 
Africa would be the home of nearly a billion blacks. ‘Taken together, 
and allowing for a normal growth, these two ethnic groups may pos- 
sibly increase in numbers until they shall cause the whites of Europe 
and America to dwindle into insignificance by comparison. 

This is the thesis of a recent significant book by B. L. Putnam 
Weale, an authority on far eastern politics. The peril of white su- 
premacy arises, Weale believes, not alone from the growing balance of 
numbers in favor of the colored, great as that is likely to prove, but 
from the fact that the colored races are beginning to acquire and will 
continue to gain a distinct race consciousness and a sense of race 
solidarity. And just as the narrow interests of the ttle Greek lands 
were supplanted by the wider outlook of Alexander’s empire, as the 
peninsular civilization of republican Nome was swallowed up in the 
world dominion of the imperial period, so the continental system of 
modern Europe is being swept into the whirl of world-wide interests. 
In this great historical change the ethnic element, or, more specifically, 
eolor, is to be the militant factor. With the inerease of intelligence the 
aggressiveness of the colored races will augment and they will begin to 
take conscious advantage of their weight of numbers. A readjustment 
of power must follow as fast as the colored races become efficient in the 
arts that make for group self-assertion. For, says Weale: 


Real frontiers—real barriers to the swaying to and fro of peoples—are 
no longer rivers or mountains or seas or any of those physical features still 
referred to in the geography books. These are only the frontiers of savages; 
the real frontiers of civilization are formed by masses of men distributed in 
proper density, highly civilized, irrevocably locked to the soil by their history 
and their eulture, and sufficiently warlike to make their physical boundaries 
respected should wanton aggression menace them. . .. A deep instinct will 
continue to push men to substitute for the purely political demarcations which 
have come down from other days a new elass which may be called racial 
demarcations. That such demarcations are necessarily blurred is no matter; 
this only adds one more difficulty to a question which force may attempt to 
solve. It is this knowledge—that racial instinet and racial pride ignore political 
boundaries—which is the nightmare of statesmen.® 


The colored already outnumber the whites of the world nearly two 
to one, and this proportion is likely to increase rather than diminish 
in the immediate future. Weale estimates that by the vear 2000 China 
will have eight hundred million population and Japan one hundred and 
twenty to one hundred and forty million. As race consciousness grows 
more pronouneed war must constantly oecur as the colored races be- 

*<«The Conflict of Color,’’? London, 1910. Weale is the pseudonym of 


Mr. B. L. Simpson. 
®Tbid., pp. 90-91. 
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come stronger in offensive ability and attempt to win back piecemeal 
what they have lost in the past while still “ undrilled.” “ That they 
must become at least masters of their own houses can not any longer be 
doubted.” ° 

Against this alarmist view two objections may properly be offered 
on the score of population increase. In the first place, as the colored 
races approach the standard of the white civilization, the same influ- 
ences which have reduced white fecundity will increasingly operate 
among them. <As has already been shown, improved modes of living 
are already making possible a greater population economy among the 
colored, and the acquisition of still higher standards will lower the 
birth-rate to a point consistent with these better standards of living. 
Secondly, it is not at all true that the expansion of the white race has 
now reached its final geographical limits. Not to assume that certain 
elevated districts within the tropics may in time be open to white 
colonization, there are still vast areas in Siberia, South Ameriea, South 
Africa and Australasia so sparsely settled as to be practically unin- 
habited. It is therefore nearer the truth to say that the habitat of the 
colored races is now fixed beyond the possibility of notable change ex- 
cept by sporadic migrations, while the greater regions at present 
sparsely peopled are within the white sphere of influence.? 


COLORED 
Per Square Mile, 
Chinas, Gack tase wees Seas Slne, Pata aue he hateae Ghee te ct ae 266 
SAAN , Soca Tyoring fo ancl gtd Abaca davena est af sna kee itolee eo oh ora ahh 320 
ASUS Is Lie, tots oe Pe itd Mi aA RG! Oe cS woh Sen donee algal ta 211 
DARE? Stas Dathtaataed ge tlt Bae ede kota te cal i aay 600 
WHITE 
Per Square Mile 
limited States at, pais 8 Gus av ea soa SeAw atea head Ad ae OO 
CAD AC a hed wre trn Steet OU hatte eat nied Meee hy JIBS i 1.48 
PUEOOMDUTA! ori kiati a oS Gee aye diel We ae Agee Wie yx dsl ae 5.4 
PMOL ak 2: erga Gee tes Meet ee dt eR re lok oa as ag Mics 1.4 
PAUSED OUTS 96 lt ae tito erie deena ch ude ac thaadtgee bade <gutie See Yan: ee a Sat 1.5 
WAS SE OIONS Ao Sires a nln ekki icligr aie BE 9. atin te Aaa Sok el 8.7 
TRANS VOAl) daa eet e eee seo keene thee ale ng aeas 10.0 


That there already exists, since the rise of Japan, a well-marked 
sense of race solidarity among the yellow peoples of eastern Asia need 

* Estimating the total population of the world at 1,705,000,000, Weale 
makes the division by color as follows: 


WWHITOSY niecat oe anca eh, hates: Mee aieigegal deanna Qantas 566,000,000 
NASER HIECS 2 visto cn erties nyc cccace thorn trereeAdeauited ee 40,000,000 
Absolute yellow, brown and black ............ 1,099,000,000 


Of the whites 453,500,000 are assigned to Europe, and of the colored 
947,000,000 belong to Asia and 140,000,000 to Afriea (p. 111). 

“The density of population in certain of the greater habitable areas peopled 
by the whites and by the colored outside of Europe shows some significant 
contrasts: 
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not be disputed, but that this will long remain the basis of eastern 
Asiatic polities is not certain, or even probable. The Japanese alliance 
with England shows how feeble are ethnic as compared with purely 
national] interests in international relations. The negroid peoples, al- 
though they have made little progress towards a distinct race conscious- 
ness, are beginning to show glimmerings of a sense of ethnic unity, or 
at least a consciousness of separateness from the whites. After the 
Russo-Japanese war a vague rumor that a white race somewhere had 
been beaten in war by a colored people filtered into very remote portions 
of Africa. During the Boer war news of British defeats spread with 
incredible rapidity among the blacks and was everywhere received with 
exultation. Among the blacks of South Africa the colored churches 
are found to very soon cast off their alliance with white churches and to 
insist on separate ecclesiastical organization. This so-called “ Ethio- 
plan” movement, it is interesting to note, is fostered by the negro 
churches in America, with which in several cases definite alliances have 
been made.*® 

Weale’s alarm call to the white race is based on the assumption 
that the whites as whites are likely to be faced by the colored races in 
solid array. He calls attention to the fact that the European nations 
are disunited and can not act harmoniously in either Asia or Africa, 
and that they will be so hopelessly outnumbered in the near future that 
even united action would leave their position hazardous. Now it may 
be possible that we are to see a great development of geo-politics, so 
that the cry “ Asia for Asiatics,” or “ Africa for Africans,” will unite 
the peoples of those continents in solid mass. But geo-politics must 
not be confused with ethnic politics; and if considerable independent 
white groups shonId arise in Asia or Africa it is probable that they 
would be among the foremost in resenting Enropean domination. Nor 
-is it Hkely that the yellow and black races will ever find common 
ground of union among themselves and against the whites, just as it is 
unlikely that the white peoples will always remain disunited in the 
face of a real peril. To assume such a danger is to suppose that the 
ethnic element will continue to constitute the important factor in 
world politics that it now does. It is much more reasonable to believe 
that econoimie and cultural interests will ultimately supplant purely 
ethnic interests as the groundwork of world contacts. 

The real kernel of the color problem, then, is likely to continue to be 
what it is at present, the question of social contact among peoples of 
different racial stocks, and particularly of different cultural levels, 
living together within given political areas, rather than a struggle of 
independent racial masses against each other. In America there 
is a wide-spread belief that our color problem is one peculiar to 


*See the report of the South African Native Races Committee entitled 
‘*The South African Natives,’? Ch. VII. 
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ourselves. As a matter of fact, the race struggle covers the whole 
world, wherever whites and blacks are brought together under common 
political and social forms. It is the struggle of a highly differ- 
entiated, efficient civilization with one more simple and primitive. This 
struggle results from the differing powers of adaptation of the two races, 
Racial characteristics are the accompaniments rather than the cause of 
lack of adjustment. 

Since the elements of the problem are simple and fundamental and 
since they are everywhere essentially the same, it is to be expected that 
the color struggle should follow similar lines in various parts of the 
world. The antipathy between the whites and Indians in America from 
the earliest period of colonization to the present, the very terms in which 
this antipathy was expressed and the methods of conflict on each side, 
have been duplicated in the struggle between the English colonists and 
the natives of Australia, Tasmania and New Zealand. And at the 
present moment the political and social elements of the race problem in 
the southern States of America are almost identical with those in the 
South African colonies. 

It has been the misfortune of white civilization in its contact with 
the colored races in America, Africa and Australasia that both its worst 
products and its least desirable representatives were the ones first in the 
field. This has been an important factor in shaping the early relations 
of the races. Jt is the rover, the outlaw and the irresponsible trader 
who come first, and it is too often the contraband goods of civilization 
that they carry. It has been the rougher type of white also who has 
intermarried with native women and become the father of a hybrid 
progeny. Curiously enongh, it is among this rougher class of whites 
that the worst type of race animosity exists. Where the cultural rank 
has been more nearly equal and where the contact has been of the organ- 
ized rather than sporadic type, the mingling of the races has generally 
been accompanied by little confusion or social disintegration. 

It goes without saying that there is a varying degree of adaptability 
and fusing power among the different branches of the white race in their 
relations with backward peoples. The Latin peoples in Europe have 
shown peculiar capacity for successful inter-marriage with tropic races. 
Spaniards have crossed with fair success with both Indians and negroes 
in America and with Malays in the Philippines, as have the Portuguese 
with the two former types in Brazil. Undoubtedly the Catholic Latin 
peoples have shown peculiar capacity for merging with colored peoples 
and manifest less color prejudice than do the Protestant Teutons. This 
is due, no doubt, in part to physical facts, but a more important factor is 
the insistence of the Roman Catholic Church on the solidarity of the 
world’s peoples and its deprecation of race prejudice. In the Spanish 
and French West Indies there is a greater proportion of mixed marriages 
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than in the British West Indies and there are fewer evidences of social 
friction. 

While the antipathy of white toward black is the most pronounced 
phase of color conflict, prejudice against the blacks is not confined to 
Europeans and Americans. The Chinese, the most cosmopolitan of 
peoples, sometimes exhibit a striking aversion to taking black wives or 
concubines, but manifest no particular aversion to the native women of 
Java or Borneo. East Indian laborers imported into the British West 
Indies and British Guiana have generally refused all intercourse with 
negro women. The American Indians have sometimes interbred with 
blacks, but in British Guiana they are reported to despise the negroes 
and to have little intercourse with them.® 

It is sometimes asserted that a rigid enforcement of the color line 
in the tropics would leave the two races isolated in an intractable antip- 
athy. Sir Sidney Olivier, governor of Jamaica, has argued from this 
that a middle class of mixed stock serves as a useful buffer between white 
and black. He says: 


Where, therefore, we have created and are developing a community of 
diverse races, J can not, in the light of British West Indian conditions, admit 
that interbreeding is necessarily an evil. I think, rather, that where we have 
such a community we had better make up our minds not only not to despise the 
offspring of illicit interbreeding that invariably takes place in such conditions, 
but make our aceount for a certain amount of legitimate and honorable inter- 
breeding and to look upon it, not as an evil, but as an advantage.” 


But such interbreeding, Sir Sidney maintains, should invariably 
come about by the marriage of white men with colored women. There 
is a good iological reason for this, but the primary consideration is the 
racial welfare of the whites. Whatever the good qualities of the negro, 
and Sir Sidney sees more of them than most of his fellow whites, he 
nevertheless thinks that 
the white races are now in fact by far the further advanced in effectual 
human development, and it would be expedient on this account alone that their 
maternity should be economized to the utmost. A woman may be the mother of 
a limited number of children and our estimate of the number advisable is con- 
tracting; it is bad natural economy, and instinct very potently opposes it, to 
breed backwards from her. There is no such reason against the begetting of 
children by white men in countries where, if they are to breed at all, it must 
be with women of colored or mixed race. The offspring of such breeding, 
whether legitimate or illegitimate, is, from the point of view of efficiency, 
an acquisition to the community and, under favorable conditions, an advance 
on the pure-bred African.” 


A mixed stock, however, while it may lessen the actual clash between 
the two extreme types in a community, does not necessarily diminish the 
totality of race antagonism, and may augment it. For the hybrid, instead 

° Johnston, ‘‘The Negro in the New World,’’ pp. 331, 332 and 334. 


% Olivier, ‘‘ White Capital and Colored Labor,’’ pp. 89-10. 
UTbid., pp. 37 38. 
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of commanding the confidence of both parent stocks, usually himself 
becomes the object of animosity on the part of both, and this is an 
added danger to social peace. Ostracized by both races, he is particularly 
hateful to the more backward type. Mixed breeds usually possess greater 
mental capacity than the pure blacks and are the victims of the latter’s 
jealousy.?? This is in harmony with the familiar social law that in a 
given society made up of hostile classes it is the nearest, and particularly 
that next above in the social scale, which is most cordially hated. 
Jealousy of hybrids is due chiefly to two causes. They are, except in the 
United States, more freely admitted to social privileges, and it is with 
them that the dominant race is more likely to contract marriage. In the 
United States, where any appreciable intermisture of blood exists, the 
mongrels are enumerated as negroes, while in nearly all the other 
countries mixed breeds constitute a separate and often a privileged 
class. 

To characterize the negroes merely as a passive race, as is often done, 
does not fully cover the situation. It is more nearly correct to describe 
them as pliable and imitative. Ability to bend and adapt has proved the 
negro’s salvation in the supreme test of contact with complex and often 
rigid white institutions. In marked contrast stands the American 
Indian whose “ grand refusal ” has been his undoing. Not only has the 
negro of the new world survived transplanting, but he has everywhere 
taken on the cultural tone of the particular white group with which he 
has been bronght in contact. In Spanish America he has acquired the 
taste in dress and the pride bearing of the Castilian. In Haiti he is 
essentially French and in Brazil Portuguese. The impress of France is 
still on the negroes of Louisiana and the Jamaican negro is unmistakably 
British. 

In other words, the negro reflects by imitation the civilization of the 
society in which he lives. His character in any mixed society depends 
largely on the social standards which others set. Originally brought into 
touch with European civilization without any fixed cultural equipment 
of his own, he develops in social capacity along the lines of least resist- 
ance, reacting to such stimuli as the social environment offers. But 
while lacking in positive cultural achievement he possesses certain well- 
developed temperamental traits which enable him to fit into some social 
environments better than others. Je is senstious, and his esthetic nature 
is richer on some sides than that of the north European. It can hardly 
be questioned that the Latin temperament ts hetter adapted to harmonize 
with the negro than is the less volatile Teuton.* Just as the American 


2 See Prichard, ‘‘ Where Black Rules White: Haiti,’’ p. 280; also Kirke, 
‘‘Twenty-five Years in British Guiana,’’ pp. 260-262. 

#8 Oliver asserts that the negro is naturally more courteous than the lower 
classes of northern Europe, and he is convinced that the insolence of the Amer- 
ican negro is due in large measure to the bad manners and unwarranted preten- 
sions of the whites. ‘‘ White Capital and Colored Labor,’’ pp. 46, 48. 
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negro feels an instinctive admiration for southern white people, in pref- 
erence to unemotional northerners, so the race has in the course of 
generations reacted more spontaneously, and perhaps more wholesomely, 
to the vivacious Latin temperament than to the sterner Teuton type. 
The smaller degree of race friction in the Latin colonies may point to a 
possible modification of world policy in the white man’s growing problem 
of dealing with black races in Africa and Australasia." 

This tendency of the negro to take on the psychic tone of the 
dominant culture may have far-reaching results in Africa itself. Weale 
is convineed that if the African negro shall be Mohammedanized the fate 
of the white man’s empire in that continent will be sealed. From the 
Arabs the negro would acquire an aggressive, war-like spirit that would 
ultimately lead to his mastery of his own continent. If, on the other 
hand, the Africans are christianized they will remain doeile. But, as 
already noted, the negro temperament is little adapted to aggressiveness 
or independent activity. It is therefore more probable that he will 
develop in civilization, if he develops at all, on the lines of the European 
peoples who are pressing on the more remote portions of Africa with 
ever-increasing persistence. 

Wherever the blacks are massed in undisturbed possession of the 
soil, their contact with the whites is in the nature of independent group 
antagonism. In tropical Africa the true negro is at home, and, so far as 
can now be foreseen, the white man can rule only as an outsider without 
constituting any appreciable element in the social population. But on 
the fringes of the continent the situation is very similar to that in the 
United States, where a ruling race is settled upon the same soil and is 
capable of self-perpetuation. But even in temperate South Africa it is 
possible that large political units, wholly black, may survive. The 
South African black, except in Cape Colony, is not at present granted 
equal political rights, but if he continues to progress in intelligence as 
he has recently done his demand for political and social equality must 
become exceedingly strong, as it has in the United States; and the 
struggle for equality will of itself be a means of developing a fixed sense 
of race separateness which must long make the color question a sore 
spot in South African politics. 

In the Australian commonwealth the color problem exhibits a most 
peculiar and interesting phase. ‘The aboriginal inhabitants scarcely 
figure in the question at all. There can, for the present, be little idea of 
their active participation in organized social interests, both by reason of 
their small numbers and because of their absolute lack of capacity. It 

4 Sir H. H. Johnston points out that the hold which the French secured on 
the negroes of the Windward Island and of Dominica during the period of their 
occupaney was deeper than that which the English have been able to acquire 


during the period of British rule. ‘‘The Negro in the New World,’’ pp. 233- 
234 and 306-309. . 
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is the colored immigrant, whether black, brown or yellow, who furnishes 
the problem. This new commonwealth, with a native black population 
regarded as negligible, has deliberately set out to develop an exclusively 
white civilization on Australian soil, even at the expense of a dearth of 
labor force. So powerful has the “ White Australia ” movement become 
that stringent exclusion laws have been passed by the commonwealth 
parliament denying admission to all non-British immigrants unable to 
pass fixed educational tests, and providing for the deportation of numer- 
ous colored laborers already present on contract. Tow passionate the 
“White Australia ” idea is, and how deeply it deplores the evils of race 
mixture in the rest of the world, is manifest in the words of its most 
scholarly exponent, Professor Charles Hf. Pearson: 

Australia is an unexampled instance of a great continent that has been left 
for the first civilized people that found it to take and occupy. The natives have 
died out as we approached; there have been no complications with foreign 
powers; and the climate of the South is magnificent. ... We are guarding the 
last part of the earth, in which the white races can live and increase freely, 
for the higher civilization. We are denying the yellow race nothing but what 
it can find in the home of its birth, or in countries like the Indian Archipelago, 
where the white man can never live except as an exotic. 

Such a policy of white segregation, if it were sound, would be an 
example of the thing which nations ought to undertake more often than 
they do. It represents a deliberate choice of ends planned for long in 
advance, and it is an admirable case of what Lester F. Ward calls “ social 
telesis.” But this paticular policy happens to be one which is open to 
serious question. It never has succeeded, nor is it likely to prosper in 
Australia, because the aggregation and composition of populations are 
governed by laws of selective fitness which are stronger than statutes. 
Certain areas in various parts of the world are almost certainly destined 
to belong primarily to the whites, as certain districts of Africa and of 
the United States may come to be recognizéd as the special habitat of 
negroes, but the selection must come in the first place from natural fit- 
ness rather than law, and the area is never likely to be continental in 
extent. 

The island of Cuba exhibits the curious spectacle of a tropical land 
which is peculiarly fitted to be the home of a colored race, but which is 
for the time being swinging towards a decisive white majority. After 
1898 it seemed that Cuba was to follow the steps of Haiti and become a 
black republic, but immediately after the war of liberation there set in 

* Pearson, ‘‘ National Life and Character,’’ pp. 16-17. For details of the 
‘*White Australia’’ movemeut, see Scholefield, ‘‘The White Peril in Austral- 
_ asia,’’ in the Nineteenth Century for August, 1905; and Law and Gill, ‘‘A 
White Australia: What it Means,’’ in the same periodical for January, 1904. 
The law of 1901 excluding colored labor was entitled ‘‘The Pacific Islanders 
Act.’’ The final limit for deporting the contract laborers was fixed for Decem- 


ber 31, 1906. To prevent the destruction of the sugar industry in Queensland 
a bounty is offered on sugar grown by white labor. 
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an active and steady immigration of Spanish peasants which in ten 
years has amounted to 128,000.71 Gradually overborne by numbers, the 
negroes are beginning to segregate, and in 1908 a party of color was 
formed. While there is as yet no definite color caste in social life, the 
supplanting of Spanish influence by American ideas will doubtless 
gradually assimilate conditions in Cuba to those of the neighboring 
states of America. 

In the last analysis color prejudice is based on cultural difference 
more than on the degree of pigmentation. Beeause extremes of physical 
difference do actually in large measure accompany differenee in culture 
rank, the most radical race antagonisms are those between the extreme 
whites and the extreme blacks. <A black skin is everywhere associated in 
thought with cultural inferiority. Back of this may Ne a subconscious 
suggestion of the historical faet that the negroid races have achieved 
few of the cultural values that are to the white man the marks of supe- 
rior mental and social efficteney. To the extent that the blacks live 
down this stigma of cultural inefficiency prejudice against them will 
lose its foree. There are abundant evidences of color aversion on the 
part of the white towards the yellow, brown and red races, but it no- 
where reaches the intensity of that direeted against the blacks, nor is 
it of sufficient depth to constitute a fundamental social problem. 

Speaking particularly of race antagonism in South Africa, Mr. 
Bryee says: 

The sense of his superior intelligence and energy produces in the European 
a sort of tyrannous spirit which will not condescend to argue with the native, 
but overhears him by sheer force and is prone to resort to physical coercion. 
Even just men, who in theory have the deepest respect for human rights, are 
apt to be carried away by this consciousness of superior strength, and to become 
despotic if not harsh. And the tendency to race enmity seems to le very deep 
in human nature. Perhaps it is a survival from the times when each race could 
maintain itself only by slaughtering its rivals.” 

It is therefore by narrowing the gap between the actual cultural 
status of the races that the worst aspects of raee animosity are elimi- 
nated. Whether, as Boas and Ward hold, the total mental capacity of 
all races is essentially equal, is not here the question. Achievement of 
any valid kind, whether by individuals or by racial groups, is bound 
ultimately to command respect. World contaets are rapidly increasing 
and a higher degree of intergroup cooperation is making possible a wide 
diffusion and sharing of the achievements of each of the great racial 
groups. When this process shall have gone far enough much of the 
asperity which has characterized the periods of isolation will be 
materially softened, 

***Conso de la Reptbliea de Cuba,’’ 1907, pp. 59-66; see also Johnston, 
““The Negro in the New World,’ p. 60. The census of 1907 shows that in a 
total popuulation of 2,048,980 the colored number 608,967, or 29.7 per cent. 
The unmixed negroes number 242,382, 

7 Bryce, (‘Impressions of South Africa,’’? p. 366, 
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It is an unquestionable fact that the yellow as well as the negroid 
peoples possess many desirable qualities in which the whites are 
deficient. From this it has been argued that it would be advantageous 
if all races were blended into a universal type embodying the excellences 
of each. But scientific breeders have long ago demonstrated that the 
most desirable results are secured by specializing types rather than by 
merging them. The perfection of individual qualities insures a high 
degree of general efliciency in case those qualities can be coordinated in 
a systematic organization. This is particularly true of human types. 
The doctrine of racial Darwinism no longer implies a struggle in which 
the defeated type is exterminated. Under conditions prevailing in 
modern civilized association it implies rather an application of the 
selective principle through a combination of competition and coopera- 
tion, by which the superior qualities of each race are sifted out and 
brought to efficiency. It implies also a rough sort of interracial diyi- 
sion of labor. 

A group of negro leaders in Ameriea have advocated the principle of 
a “group economy ” for the colored people of the south, and the idea 
is capable of a wider application to the great racial groups of the 
world. In a world of free exchange and intergroup cooperation it is 
absurd to suppose that the white race can get the benefit of whatever is 
useful in the tropics, for instance, only by conquest and colonization. 
Perhaps it is true that the tropical peoples will become efficient only 
through the influence of organized white leadership, but Mr. NKidd’s 
plausible plea that the white race ought to master and hold the tropics 
“in trust for civilization” is an empty phrase unless it means a real 
overlordship. The question inevitably arises, “Whose civilization? ” 
For when the colored races shall have developed an adequate race con- 
sciousness it is inevitable that they shonld seek to devise their own 
institutions according to their needs, and from the point of view of 
world interest it is desirable that they do so. 

The color line is evidence of an attempt, based on instinctive choice, 
to preserve those distinctive values which a racial group has come to 
regard as of the highest moment to itself. Although sometimes based 
on a blind prejudice surviving from the primal instinets of periods of 
isolated savagery, it invariably, in its better phases, has in it the core 
of a sound scientific truth, which is that specialization is the law of 
efficiency. The fact that it is always the lighter race that puts the taboo 
on the colored, and that the latter is everywhere eager to mix with the 
whites, is only an evidence of the general trend of choice towards the 
higher efficiency of the white race. 
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TIE CROSSING OF THE RACES 


By Dr. J. G. WILSON 


NEW YORK CITY 


A Srupy oF THE GENERAL PRINCIPLES GOVERNING THE SUCCESSFUL 
INTERMIXTURE OF DIFFERENT PEOPLES, WITH SPECIAL 
REFERENCE TO THE QUESTION OF JMMIGRATION 
INTO THE UNITED STATES. 


ITE question of racial amalgamation is almost as old as the race 
itself. For, not only the earliest traditions, but also the most 
ancient relics bear witness to the fact that extensive intermarriage of 
races had been brought about through commerce and war long before 
history had begun to unravel the tangled skein of man’s wanderings. 

The crossing between different tribes, which was commenced in 
prehistoric times, has been continued into our own era with ever ncreas- 
ing speed and complicity of results. For man has always been a migra- 
tory animal, and the improved changes in means of transportation and 
the ever-widening fields of commerce have increased rather than di- 
minished this inborn tendency. 

Looking over the world at large, and throughout all time, we see 
that the results of racial intermarriage have been exceedingly variable. 
Sometimes it has produced a better race. This is especially true when 
the crossing has been between different but closely allied stocks. The 
Englishman who has resulted from the commingling of so many Teu- 
tonic tribes with the native Briton and Celt, and the composite molded 
and directed by Roman culture, is perhaps the very best example of a 
good result from extensive crossing. Likewise the cross which has 
taken place in Ecuador, Mexico and Peru has produced a race not 
altogether hopeless so far as the future is concerned ; for, however much 
it may have hurt the Spaniard, it certainly has improved the Indian 
immeasurably. It is not so much a question of the possibility of pro- 
ducing a vigorous cross race under favorable conditions, as it is a ques- 
tion of whether such a cross is, in itself, a desirable thing. 

There are those who profess to believe that the incoming hordes of 
southern Europeans and the Alpine races will never mix their blood with 
us to any appreciable extent, and will always remain foreign in race as 
well as in ideals. Judged in the light of history, such an opinion is 
without firm foundation. It is not conceivable that the modern Greek, 
who is himself such a mixture of Serbo-groation, Slav and ancient 
Greck stock, ean have any irrevocably inborn tendencies which will 
prevent him from eventually mating with our own people if given the 
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opportunity. The German will marry any woman of any white race. 
The Italian will do the same. The Alpine races have intermarried to 
the north and sonth of them until their mental traits shade off almost 
imperceptibly into those of the German and Italian. As a general rule, 
marriage between different branches of the white races is not governed 
by laws essentially different from those governing individuals of the 
same branch. It is chiefly a question of proximity of the sexes and the 
lapse of sufficient time to make the mutual desires mutually understood. 

The vital question is, whether this inevitable amalgamation is worth 
the fostering care and regulation of our government. The answer to 
this question depends altogether upon what will be the results of this 
immigrant blood upon our own individual selves and upon our social 
and political institutions. 

In regard to the influence upon the individual physical type, we 
often hear it said that we are becoming a smaller and a darker race; 
that our average stature is less than it used to be, and that we are 
becoming dark eyed and dark haired, instead of the race of tall blonde 
we once were; and there is a tendency to blame the immigration of the 
last half century for this alleged change in physical characteristics. If 
such a change is taking place, it should be attributed to the influence of 
our climate rather than to the effect of blood admixture. The stature 
and complexion of a people seem to be determined, in the long run, more 
by the locality and climate in which they live than by any other influ- 
ences, although it takes many generations for that physical type to be 
finally evolved which is best fitted to the climatic conditions of its partic- 
ular locality. Once evolved, the type remains fairly constant for the 
given region. Judging the future by the past, we should not expect 
the tall blonds of northwestern Europe to permanently survive in the 
United States. There is scarcely a trace of the physical traits of the 
conquering northern hordes left upon the general mass of the population 
of Italy or the Alpine regions of Europe. The colony of Swedes which 
settled along the Delaware in our own country have entirely disappeared. 
The Scandinavian, according to Dr. Karlsen, who has made the subject 
a matter of special study, rapidly deteriorate, physically and mentally, 
under the changed climatic conditions which he encounters in his new 
home in the northwest of onr own country, and no less an authority 
than Woodruff, believes that he will soon die out in the United States 
unless active measures are taken to offset the baneful influences of a 
climate to which he is temperamentally and physically unsuited. 

In evolving the type of man physically fitted to best survive in a 
given locality, nature seems to work according to some mysterious laws 
entirely beyond human control. This is exemplified in the population 
of modern Egypt, where the mass of the people as represented by the 
villagers along the Nile and in the country districts, conform almost 
exactly in physical appearance to the colored portraits of the ancient 
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Egyptians on the walls of the tombs of the kings of Thebes. In other 
words, 4,000 years of changing religions, ever-shifting political condi- 
tions, and the inroads of commerce and war with their continual introduc- 
tion of alien blood have not served to materially alter that physical type, 
which, during the countless ages of prehistoric time, had been gradually 
evolved as best adapted to the climatic conditions of the valley of the 
Nile. It may then be concluded that the influence of immigration upon 
our physical type will, in the long run, be nil. That type of man best 
adapted physically to the climate and soil will, in the point of numbers, 
eventually predominate in spite of all restrictive legislation or man- 
made laws of any kind. 

When we come to consider the question of the influence of racial 
amalgamation upon our habits of thought, upon our morals, and upon 
our institutions—upon our spiritual selves, we are confronted with a 
much graver problem, and one over which we have at least some little 
power of control. This is really the serious problem which we have to 
solve, for, after all, it is not so much difference of blood relations that 
produces enmity among the component peoples of a nation, as it is the 
difference of political and social ideals, and history is replete with 
instanees where nations have lost their own peculiar form of civiliza- 
tion and political institutions on account of overwhelming alien influ- 
ence. That the influence of the alien in the United States is enormous, 
and that it is becoming yearly more and more important, is an almost 
self-evident proposition. 

Jn order to arrive at a fairly intelligent opinion as to whether or not 
this influx of foreign thought and social habit will ever change suffi- 
ciently to conform to our own standards, we should study the history 
of the nations from which it comes, and whose ideals it has already 
helped to form. Is there anything in the past history of the countries 
from which our immigrants are now being chiefly recruited to justify 
the belief that they will eventually sympathize with our political insti- 
tutions and with those Anglo-Saxon habits of thought which we must 
insist upon as necessary to good citizenship in a great republic? A brief 
study of the leading alien type will demonstrate the prmeiple upon 
which the research necessary to answer this question should be con- 
ducted. 

Let us first consider the case of the Italian. Here we may be 
tempted to at once pass an unfavorable opinion on the ground that he is, 
by virtue of previous training and habits of thought, at entire vari- 
ance with republican ideals. Such a judgment will be hasty and hardly 
warranted by the premises. When we remember what the Italian has 
accomplished for himself at home since 1820, when the first real agita- 
tion for a free and united Italy may have been said to have commenced, 
it should encourage us in the belief that he is capable of sustained and 
intelligent efforts for the common good. 
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Whereas Italy was once a conglomeration of petty states and abso- 
lute monarchies, torn by warring factors, and her people steeped in 
universal illiteracy, she now, through her own efforts, under the intelli- 
gent leadership of children of her own soil, has become a constitutional 
monarchy with the real power legally invested in the people where it by 
right belongs. Through his prime minister, the king is responnsible to 
the chamber of deputies, which corresponds to our lower house, and are 
elected by the people at large. 

The senate is probably as truly representative as our own, being 
elected by the king from the ranks of the ex-deputies, the nobility, large 
taxpayers and representative men of affairs. 

When we consider that for fifty years preceding her final unification 
and freedom Italy was in an almost constant turmoil of political agita- 
tion and war, it is remarkable what advances her people have made in 
the thirty-nine years since the accomplishment of her great ambition. 
Although she still ranks high among the illiterate, she has taken great 
strides to overcome that evil. An education law compelling the attend- 
annce at school between the ages of six and nine, and the teaching of 
illiterate soldiers, althongh they may not as yet have accomplished great 
things, show that her heart is right, and that time will fast remedy the 
evils which the exigencies of her struggle for existence have practically 
forced upon her. 

The study of the Italian in the Argentine ought to give us an mnk- 
ling of his possibilities when given an opportunity. This republic is 
modeled on lines almost exactly after our own, and, all things con- 
sidered, should rank as a successful experiment in self government. Its 
people are happy. It enjoys a ligh degree of culture. Its cities are 
modern and well governed, and its commerce is ever increasing in 
dignity and volume. Now, relative to its whole population, Argentine 
has the largest number of Italian immigrants of any country in the 
world. In 1895 the total population was about 4,000,000, and one 
third of this was foreign born. Of this foreign born population 500,000 
were Italians. This enormons Italian influence still holds its own, for 
since 1895 it has kept up almost constantly, and for the whole period of 
time elapsed since she became a republic in 1853 nearly half her foreign 
born population has been contributed by Italy. 

We should not allow the evil deeds of certain bands of outlaws, and 
the criminal tendencies of certain of the lower classes to blind our 
vision to the great things accomplished by the Italian as a nation. 
Viewed in the light of her past history and her rapid advances of the 
present day, she promises well, and it is a fair prophecy that in our 
own country the future citizen of Italian forebears will only be distin- 
euished from the general average by means of his family name remain- 
ing as a sign to indicate his original ancestry. 

The possibilities of the Slav, and his aptitude for conformity to the 
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ideals of western civilization, can not be adequately treated without an 
exhaustive review of the history of the nations of eastern Europe. 
However, a short résumé of Polish characteristics will suffice to give an 
idea of the type of the race and result which may be expected from the 
great wave of Slavic immigration now sweeping over us. 

For the two hundred years succeeding the close of the fourteenth 
century, Poland was the leading power of eastern Europe. Her 20,000 
square miles was the seat of what was, to all intents, a vast republic, for, 
though her elective king was responsible only to her nobility, this 
nobility was so large and so accessible and eager to maintain the political 
equality of all its own members, that the constitution, though it con- 
ferred rights only upon the privileged classes, carried out in reality the 
idea of almost unlimited freedom for the individuals of that class. Had 
this very numerous nobility of freedom born a stil] larger proportion to 
the total population, the self government of the nation would have been 
an accomplished fact, for the ideas of political reform and the exten- 
sion of privileges to all classes were already beginning to make them- 
selves felt when Poland was caught between the upper and nether mill 
stones of foreign tyranny, and her national identity crushed out forever 
by the treachery of Prussia and the soldiers of the Russian throne. 
Since the last partition of Poland in 1795, her people have not been 
given the chance to exercise the capacity for self government which they 
had undoubtedly developed to a high point when overtaken by the series 
of misfortunes which resulted in the loss of national identity. There 
are many reasons to think that this capacity is not wholly dead, but 
only lies dormant, awaiting the propitious changes of fortune. At the 
sane time it must be conceded that the Pole possesses, in common with 
all Slavs, a peculiar combination of eastern and western ideals that 
makes his fitting into an Anglo-Saxon civilization a problem of great 
complexity. For, while he loves political freedom almost to the point 
of insanity, he is easily canght by the glitter and pomp of a throne. 
Confiding by nature, the mere promise of the unscrupulons Napoleon 
was sulficient to make him offer up his life upon many a bloody battle 
field. 

As the Poles are, individually, poor business men, easily imposed 
upon by the commercially minded Hebrew, to whom the generosity of a 
political asylum was time and again extended when he was driven and 
harried from almost every other country in Europe, so are they, in the 
aggregate, poor political economists, and have thus always been worsted 
in the fields of diplomacy as well as in trade. Whereas they possess 
the greatest intellectual gifts, being almost universal linguists, and con- 
tributing great names to literature and science, they are apt to be 
versatile rather than profound, and are prone to waste their efforts in 
unpractical fields of endeavor. Though courteous and brave, their love 
of individual freedom is sometimes carried to the point of anarchy, and 
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when guided by unscrupulous leaders this tendency often shows itself 
in riotous uprisings which are entirely out of proportion to the griev- 
ances against which they are directed. However, the Slav has one 
redeeming feature which, if properly utilized, might, in time, offset 
these undesirable characteristics. This feature might properly be called 
his great willingness to learn new things. We is not clannish. He has 
no innate deep-grounded instinct against getting acquainted. Naturally 
diffident and retiring on account of long centuries of class distinction, 
he is not prone to make the first advances, and consequently, if left to 
himself, he will tend to congregate with his kind. But his children 
quickly make friends with ours, and the foreign parents never dis- 
courage this tendency. Considering the short time that he has been 
with us, and his ignorance of our language, he has shown a marked 
tendency to amalgamate, and so long as we allow him to come at all, we 
should encourage this tendency, for although very different from us in 
his natural habit of thoughts and intellectual gifts, these differences 
are not of a kind that tend to produce moral or intellectual deteriora- 
tion, and from a physical standpoint he will add to, rather than sub- 
tract from, the efficiency of our race. 

The Slav and the Hun have been associated together so long in 
Europe, and their immigration to this country has been, in each case, 
extended over practically the same period of time, that it is quite the 
natural thing to consider them both together when making a study of 
their special race characteristics and possibilities of amalgamation. 
However, it is more a community of interests and political institutions 
than it is a racial identity that makes us class them together and speak 
of the Slavish and Hungarian immigrant as practically of the same 
kind. In reality these two stocks are essentially different and have 
shown rather wide differences in their respective abilities to adopt the 
ways of western civilization. The true Hungarians or Magyars are a 
Mongolian or Turanian stock. They left their Asiatic home about 
1,000 years ago and descended upon Europe as a barbarous horde that 
for fifty years struck terror into the hearts of the neighboring inhab- 
itants of Germany and Italy. Finally the Germans conquered them and 
thev were almost at once forced to accept the alternative of western 
civilization or racial extermination. They chose the former, and imme- 
diately they demonstrated a high degree of adaptability to democratic 
politieal institutions. They united with the other kingdoms of eastern 
Europe to stay the mareh of the Ottoman Turks, and come in for a full 
share of credit in the series of events which finally resulted in the naval 
battle of Lepanto in 1571, when the long strnggle between the two 
opposing religions for the possession of Europe and the consequent 
mastery of the world was forever settled in favor of christianity. 
Thus we see that the Hungarians not only adapted themselves to western 
ideals, conforming to the manners and customs and religion of the 
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people about them, but they became the greatest active exponents of 
these ideals, and for over 500 years they were the main defence of 
Christian Europe against the Turkish tribes of Asia that followed closely 
in their footsteps. 

Manifestly the western civilization thus upheld by the Asiatic Hun- 
garian in eastern Europe is different in many ways from Anglo-Saxon 
or Germanic culture. Whereas a high degree of individual liberty has 
been the aim of both, the one has succeeded in attaining its goal by 
making self sacrifices and compromises for the common good, while the 
other has not yet attained complete freedom, largely because of a failure 
to understand the essential differences between liberty and license. In 
Hungary to-day we have a sad example of this seeming lack of ability 
to forget individual differences for the common good. In the eastern 
half of the monarchy, a Ilungarian minority holds the non-Magyar races 
in just such political serfdom as they themselves were subjected to before 
1866, when the Prussians established the preeminence of Germany in 
Austria. And yet, in all fairness, we must not too hastily assume that 
the Teutonic races have a monopoly of that political unselfishness which 
makes self government possible. 

The Pole might justly say that the rebellion of the barons and the 
Magna Charta, which they exacted from King John, and which we are 
inclined to consider the first great step in the establishment of political 
equality was, in reality, no different from the republic of nobles in their 
own land, for, in each case, the mass of the people were little better off 
than before, both being left in a condition of practical serfdom. And 
the Hungarian might almost with equal truth say, that he is no more 
domineering over the non-Magyars in eastern Hungary than is the 
German minority over the Czechs in Bohemia, and the Poles in Gallicia. 
Whatever may have been the cause, the fact remains that the Irishman 
at home has never been able to attain any higher degree of political 
equality than the Pole or Ilingarian, yet the Irish descendants of the 
immigration of fifty years ago have absolutely amalgamated with us, 
and now conform to the highest type of American citizenship. 

The final amalgamation of the Slav and Tun with our native stock 
is a foregone conclusion, but what the final effect will be depends largely 
upon the time taken to complete the alloy. Were it possible to so regu- 
late the numbers of the new arrivals that they would never be in excess 
of the number of their children attending our public schools, the 
problem would easily adjust itself, for then we should always have more 
real Americans in the making than we have non-Americans in reality. 
A study of the history of the Hun and Slav, and a careful analysis of 
their respective national characteristics, seem to warrant the conclusion 
that they are both amenable to the ways of western progress, and that 
we have more to fear from their great numbers than we have from any 
undesirable qualities inherent in themselves. 
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And now we eome to eonsider the other type of immigrant which is 
making itself so strongly felt in our and and which, if we are to judge 
by the history of other nations, will continue to be an unsolved and 
vexatious problem long after the Pole and the Hun and Italian are 
forgotten. The Jew has been a souree of worry and diseomfort to every 
nation in which he has ever settled in any numbers, unless we exeept 
our own. Whether this is his own fault, or the fault of the people 
among whom he has cast his lot, is entirely beside the question. The 
point to be determined is, whether he will, or will not, in time, lose his 
racial identity and mix with the general population around him. Is 
there anything to warrant the conelusion that he has at last found his 
hayen in this country, and being left free to practise his religion with- 
out persecution, will beeome one of us in every sense of the word, 
except in the matter of religious belief, whieh is, after all, a matter of no 
great importanee so far as citizenship is concerned. Let us answer the 
question in the particular instanee by ascertaining how it has been solved, 
in the aggregate, during times already past, and then considering whether 
there are any essential differences in the conditions of the past and 
present. The first historical aecount of anti-semitism oeeurs in the book 
of Esther, third chapter and eighth verse—* And Haman said unto 
King Ahasuerus, there is a eertain people seattered abroad and dispersed 
among the people of all the provinees of thy kingdom; and their laws 
are diverse from those of every people, neither keep they the King’s 
laws: therefore it is not for the Ning’s profit to suffer them.” We all 
know the sequel to this speeeh, and how the contemplated massacre and 
expulsion was obviated by the wiles of the beautiful Esther. The story 
of this attempted expulsion of a whole race of people, almost at the dawn 
of history, would have no particular interest for us now had it not been 
the forerunner, so to speak, of ike movements repeated with almost 
dreary monotony throughout all the centuries since. That anti-semitism 
is not a modern movement, having its essential cause in the erueifixion 
of Christ, but was, on the contrary, a well-defined poley of many nations 
long before the question of ehristianity arose as a complicating factor 
to confound the real issue, is a faet attested to by the Jewish historians 
themselves. We learn from Josephus that there were considerable 
Jewish colonies in all the eastern towns and among the various Greek 
possessions. They lived an exelusive life, mingling but little with the 
people, and having their own eustoms and laws which they refused to 
abandon at any price: although at utter variance with those of the Greeks 
about them, the authorities were eontinually called upon to settle dis- 
putes arising between the Jews and the people among whom they 
settled. Thus, in the vear 14 B.c., the Ephesians requested that the 
right of citizenship be taken from the Jews if they would not consent 
to jom in the worship of Diana. Nieolas, of Damascus, pled the eause 
of the Jews and they won the suit. Now, among all the nations of 
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antiquity the citizen was bound to be of the same religion as his city, 
but the profession of this religion called for very shght obligations so far 
as belief was concerned. In matters of faith, the Greek colonies were 
not at all exacting. It was this very eclecticisin which the Jews seemed 
to hate and made him break with the world about him. The result 
was that he almost always asked that he be granted special privileges, 
and almost invariably got them. At the same time he was very careful 
to insist upon having his common rights, so the result was that he was 
almost universally hated throughout all the great cities, and was con- 
stantly compelled to seek a renewal of his privileges. Very much the 
same story is repeated in the Byzantine Empire, in Ostrogothiec Italy, 
in Frankish and Burgundian Gaul and in Visigothic Spain. In all 
these countries the Jew was at first admitted without prejudice, and 
recelved on the grounds of political and social equality. In all these 
countries he subsequently became the object of hatred and persecution. 

During the middle ages, when the Jew was truly a wanderer upon 
the face of the earth, and he scarcely knew which way to turn, he found 
safe haven in the Kingdom of Poland: in fact, for one hundred years 
after the charter of King Boleslas in 1264, the Jews had the privilege 
of mixing freely with the Polish population, and even after the modifi- 
cation of the charter they were never wholly cut off from this privilege. 
Although Poland never actually persecuted them, and for a long period 
of time really treated them on an equality with her own people, they 
have never, as a body, taken any interest in any of the great political 
and national questions with which she has been so continuously agi- 
tated. he German colonist, settled long after the Jew, has lost every 
trace of his nationality but his name. The Stuarts and O’Rourke’s, who 
sought refuge in the republic from a hostile government, have become 
as ingrained in the Polish community as the Pole himself, but the Jew 
is still a stranger. 

In France, the Jews enjoyed equal privileges until long after Chris- 
tianity became an active issue. In Spain they were first admitted on 
equal terms. The same in England. In all these countries they finally 
became disagreeable to the mass of the people and restrictive legislation 
was directed against them. As late as 1879 Germany experienced an 
active anti-semitic movement. When the cause of the modern anti- 
Jewish feeling is analyzed, it seems to have about the same basis that 
it had before the time of Christ. In both cases it has been at bottom 
essentially a qnestion of manners. The Jew, as a class, is different 
from the people among whom he has settled, and he has insisted that 
he be given certain special privileges which serve to emphasize the dif- 
ference rather than obliterate it. In other words, he is inherently clan- 
nish. Wherever this clannishness has been forgotten and he has laid 
aside, or kept in the background, the customs and mannerisms which 
mark him as a pecuhar person, he has been a welcome addition to the 
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land of his adoption. However, he has refused to do this except in in- 
dividual instances. As a class, he has, as a matter of principle, refused 
to intermarry with those of other religions. 

This raises the question, Ilow can a people amalgamate and fit into 
the general populace when they refuse to take the one step absolutely 
essential to complete amalgamation? Protestants of all denominations 
can intermarry and still maintain their standing in their respective 
churches. By the exercise of a few essentially trivial formalities, pro- 
testant and catholic can intermarry and both remain good protestant 
and good catholic, but let the Jew marry the Gentile and the Jew is 
at once branded by his co-religionists as a bad Jew. 

Those of his race who have conformed to the apostolic injunction, 
when in Rome to do as the Romans do, have always been a credit 
to the land of their adoption. But the tendency to adaptation has, so 
far, been developed only on a small scale. There does not seem to be 
a general movement of sufficient momentum to encourage the belief 
that the Jew, forgetting his race and remembering only the essential 
principles of his religion, will finally arrive at the goal of complete 
racial amalgamation. ‘True, there is a marked tendency among the 
adherents of reformed Judaism in the United States to bury the anti- 
quated customs of the past and to become real Americans, but this re- 
formed Judaism hardly has time to make itself felt before it is dealt 
a killing blow by the mere force of numbers in the opposite ranks. 
In other words, the old ideas from the ghettos of Europe are imported 
so rapidly that the new has but a poor chance to gain sufficient ad- 
herents to keep pace with, and finally outstrip, the old superstitions. 
And this thought brings us to the final conclusion of the whole matter, 
and that is, whatever the race of people from which the immigrant 
comes, the final result is not to be feared so long as he does not come 
in overwhelming numbers. If he trickles in slowly we shall take care 
of him. Let him be what he will when he comes, the amalgamation 
will finally be complete. On the other hand, if we continue to let him 
come in what is practically unlimited numbers, we can not take care of 
him. He will take care of us. We shall lose our inherited Anglo- 
Saxon ideals, and instead of a perfect amalgamation, we shall confront 
the danger of a complete racial substitution. 
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THE CONSERVATION OF THE FOOD SUPPLY 


By Dr. HENRY PRENTISS ARMSBY 


INSTITUTE OF ANIMAL NUTRITION OF TIIE PENNSYLVANIA STATE COLLEGE 


HE maintenance of the food supply is the basal problem of civili- 

zation. Before commerce or manufactures or mining can be 

carried on—before science or art or religion can flonrish—man must 
be fed. 

Hfitherto, the people of the United States, thinly scattered over a 
country of vast extent and seemingly exhaustless fertility, have scarcely 
realized that there is such a thing as a food problem, but more and more 
frequently of late there are heard warnings of the danger of an inade- 
quate food supply for our future millions and of the resultant peril to 
our democracy through the fostering of caste and class distinctions. 
That the problem is a serious one, even if it be not so immediately 
imminent as some would have us believe, admits of no reasonable doubt. 

Now the problem of food supply is in essence a problem of energy 
supply. Food yields the energy which operates the bodily mechanism 
and upon the regularity and sufficiency of this energy supply depends 
absolutely all human endeavor. To produce those carriers of energy 
which we call foods is the chief function of the farmer. By means of 
the green leaves of his crops he entraps the energy of the sunlight and 
stores it up in the starches, fats and proteins of his wheat, corn, etc., to 
be liberated again in the body when these are used as food. The farmer 
as a food producer is the first link in the chain of human activities— 
the agent by whose labors the boundless stream of solar radiation is 
utilized for man’s service—and the density of population which a 
country can support from its own resources is practically limited by the 
amount of solar energy which the farmer can recover in food products. 

Clearly then in preparing to meet the future food problem the 
primary thing is to see to it that the farmer is tanght how by means of 
tillage, fertilization, seed selection, crop rotation, and all the arts of 
good farming to accnmulate as much as possible of the solar energy in 
his yearly crops. The proposition is sufliciently obvious and already 
commands popular support. 

There is. however, another less evident aspect of the question. In 
order to feed the teeming millions of the future, it will not only be 
necessary to fix as mueh of the solar radiation as possible in the form 
of crops, but also to utilize the energy which the latter contain with 
the maximum of efficiency. When our population reaches half a bil- 
lion, there will be little margin for waste. 
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Now in view of our absolute dependence on solar radiation, it is a 
rather startling fact that but the smaller part of the energy stored up 
in the farmer's erops is directly available for man’s use. Of that of the 
wheat crop, for example, fully sixty per cent. is contained in the straw 
and another 10 per cent. is rejected in the process of milling as bran 
and other by-products. In other words, only about 30 per cent. of the 
energy stored in an acre of wheat is directly available for hnman nu- 
trition. Much the same thing is true of most other food crops, while 
the grasses and clovers, so important in all systems of agriculture, are, 
of course, entirely unavailable as food for man. Hitherto, our enormous 
surplus of food products has served to obseure the significance of this 
fundamental fact. Not only have we been able to export vast quanti- 
ties of breadstuffs to less fortunate lands, but we have used other mil- 
lions of bushels of edible products, especially corn, as food for domestic 
animals. America has been a country of cheap animal food—meat, 
eggs, milk, butter, cheese, etc—and we have been fond of drawing the 
comparison between the abundant meat supply of our working classes 
and its comparative scarcity in the diet of the European laborer and, 
rightly or wrongly, have attributed much of the greater industrial effi- 
ciency of our workmen to this difference in diet. 

But we are rapidly approaching an economie limit to the production 
of meat from edible grains. Such a conversion is an exceedingly waste- 
ful process. Of the solar energy stored up in a bushel of corn, less than 
3 per cent. is recovered in the edible portion of the carcass of the 
steer to which it is fed, while even in pork production this percentage 
scarcely rises to more than 16, and in milk production to about 18, and 
similar losses are observed in all branches of animal production. In 
other words, the stockman who feeds his animals on grain is expending 
energy available for human use as fuel for his animal machines for the 
sake of recovering a small fraction of it in higher priced and more 
palatable products, a process which can hardly fail to remind one of the 
reputed origin of roast pig. So long as our food supply was vastly in 
exeess of our needs, such practises were doubtless economically justifi- 
able. To the solitary hunter in the primeval forest it was a matter of 
comparative indifference whether he made his camp fire of underbrush 
or of the best grade of timber, but with lumber at its present price, the 
mill owner can afford only sawdust and refuse to feed his fires. In the 
past, speaking broadly, our meat production has consisted to a large ex- 
tent in the exploitation of our food resources. There has been a choice 
between producing bread or meat, and the improvements in stock hus- 
bandry have been largely in the direction of more profitable exploita- 
tion. In the near future, we shall have to reverse this attitude and 
study the conservation of the food supply. Not much longer can we 
continue to take the children’s bread and cast it to the brutes. If our 
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abundant meat supply is to be maintained, it must be in some other 
way. With such a density of population as we may reasonably expect, 
it will no longer be a question of producing bread or meat, but of pro- 
dneing bread and meat. All the edible products which the farmers’ 
acres can yield will be needed for human consnmption and the function 
of the stock feeder in a permanent system of agriculture will be to 
utilize those inedible products in which so large a share of the solar 
encrgy is held and to render at least a portion of the latter available 
for human use. Meat and other animal products will be produced, not 
as luxuries for the tables of the rich, but as a means of conserving 
energy for human use, both directly through the food thus rescued 
from waste and indirectly by setting free edible plant products for man’s 
use. The stock feeding of the future will be a very different matter 
from the simple grazing of cattle in stmmer or the lavish feeding of 
corn in winter. It will be a highly artificial process, dealing with 
feeding stuffs unfamiliar to the fathers and seeking to utilize to the 
utmost the energy of every available by-product. It will call for a de- 
gree and a kind of knowledge and skill far exceeding that which has 
sufficed in the past. 

Until within a comparatively few years, but little direct stndy has 
been devoted to these fundamental considerations, especially in the 
United States. While institutions for agricultural research have flour- 
ished, they have either concerned themselves with the more obvious 
problem of increasing crop production or else, in response to the de- 
mands of stockinen, have devoted their energies largely to seeking more 
efficient ways of converting corn into meat. In this latter respect, they 
have aided in exploiting rather than in conserving food resources, and 
it has been difficult to secure public interest or public funds for funda- 
mental investigation looking toward the conservation of the food supply 
of the future. 

More than a purely scientific interest, therefore, attaches to studies 
of the principles governing the utilization of the stored-up energy of 
feeding stuffs, particularly of by-product feeds, such as have been made 
during the past ten or twelve years by German investigators, particu- 
larly by Kellner at the Moeckern Experiment Station, and as are now 
being prosecuted by the Institute of Animal Nutrition of the Pennsyl- 
vania State College in cooperation with the Burean of Animal Industry 
of the United States Department of Agriculture. 

Such a study is far from being a simple matter. Essentially, of 
course, its method must consist in feeding the products tmder investi- 
gation to animals and ascertaining what proportion of their energy can 
be thus saved. The difficulty hes in the determination of the latter 
point. This must be accomplshed with an accuracy and a degree of 
detail unattainable in the ordinary feeding experiment if the conclu- 
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sions are to pass beyond the empirical stage and lead to the establish- 
ment of general principles. For this purpose Kellner has used a form 
of the so-caHed Pettenkofer respiration apparatus, first devised many 
years ago by Professor vy. Pettenkofer in Munich, while the Pennsyl- 
yania mstitution employs an instrument known as the respiration calo- 
rimeter, first devised by the late Professor W. O. Atwater for investi- 
gations in human nutrition and which has been enlarged and modified 
to adapt it for experiments upon domestic animals. 

The central feature of both apparatuses consists of an air-tight 
chamber through which a measured current of pure air passes and 
within which the animal stands in a comfortable stall, where it can be 
fed and watered at will. The total energy contained in the feed of the 
animal is ascertained by determining the amount of heat which a sample 
of it produces when completely burned, while the energy escaping in the 
visible excreta is measured in the sane way. Furthermore, by analyz- 
ing samples of the air-current before and after its passage through the 
chamber containing the animal the gascous waste products given off 
by the latter are determined. ; 

Finally, energy escapes from the animal in the form of heat. In 
the German experiments the amount of heat produced by the animal 
is virtually computed from the amount and kind of materials oxidized 
in the body. This may also be done in the experiments with the respira- 
tion calorimeter, but in addition this apparatus is provided with appli- 
ances for the direct determination of the heat given off, it being taken 
up by a current of cold water circulating through copper pipes and its 
amount measured with the aid of sensitive thermometers. In this way 
the total income and outgo of the animal can be compared, the differ- 
ence showing how much of the energy of the food has been stored up as 
meat or fat, while a comparison of the observed with the computed heat 
production serves as a check on the accuracy of the experiments. 

The method is not unlike that employed in locomotive testing plants 
like, e. g., that of the Pennsylvania Railroad at Altoona. Just as in 
the latter, the heat value of the fuel is measured, so in the experiments 
upon the animal the heat value of the feed, which is the fuel of the 
animal body, is determined. The losses in the visible excreta of the 
animal may be compared to unburned coal dropping through the grate, 
while the gaseous excreta correspond to the flue gases. A large amount 
of heat is given off in both cases, and the final balance of income and 
outgo makes it possible to trace exactly the use which the locomotive or 
the animal makes of the energy supplied to it. 

The material or ration to be tested is fed for some three or four 
weeks with the greatest regularity. During the latter portion of this 
time, after the effect of the ration has become fully established, the 
animal spends from two to five days in the respiration apparatus or the 
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calorimeter under the constant observation night and day of three or 
four skilled men. Its intake of food and energy, the losses in the ex- 
creta, the volume, composition and temperature of the air passing 
through the apparatus and in the case of the respiration calorimeter 
especially the temperature of the water used to take up the heat pro- 
duced are matters of continuous record. <A single “run” with the 
latter apparatus involves the recording of nearly 7,000 observations, 
while fully 25 samples of various sorts are taken whose subsequent 
analysis in the chemical laboratories involves the making of some 150 
determinations. 

From the results of these hundreds of weighings, records and an- 
alyses there is finally worked out a complete balance of income and 
outgo.2. Comparisons of these balances on different amounts and kinds 
of feed, with different animals, and under varying conditions, permit 
exact conclusions to be drawn regarding the nutritive effects of the ra- 
tions consumed. 

The investigations in progress relate to three different aspects of the 
general problem: First, how do different feeding stuffs compare with 
each other as to their content of energy and the proportion of it which 
is available to the animal? Second, what is the relative efficiency of 
different types of animals as converters of waste energy into human 
food? Third, how do the various conditions under which animals may 
be kept affect their efficiency in this respect? To the extent to which 
it becomes possible to answer these questions for the different species of 
farm animals we shall possess the scientific basis for a rational system 
of conserving to the utmost for man’s use the energy which the studies 
of the chemist, the physicist, the hotanist, the agronomist and the soit 
expert have taught the farmer how to accumulate in his crops. The 
investigations are, therefore, in reality a study of the conservation of 
the food supply, a problem even more fundamentally important than 
the conservation of our mines, forests or water powers, and one which 
vitally concerns the welfare not of the farmer alone but of the whole 
people. 


*On page 500 is an example of such a balance sheet. 
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THE MORAL INFLUENCE OF A UNIVERSITY PENSION 
SYSTEM 


By Dr. HENRY S. PRITCHETT 


THE CARNEGIE FOUNDATION FOR THE ADVANCEMENT OF TEACHING 


TILE a college or university can not divest itself of a humane 
duty towards an old or worn-out teacher, it does not follow 
that every college 1s under an obligation to establish at once a system 
of retiring allowances. The obligation for a service performed is one 
thing; the question of taking on general obligations for services to be 
performed is quite another. It is fair, however, to say that it is the 
clear duty of a college at our present stage of civilization to reckon 
among its obligations those to old and worn-out servants and to deal 
with these obligations in full view of all other duties. Hitherto colleges 
have in the main admitted no such duty. The educational corporation 
has generally acknowledged no obligation to the individual when his 
services were no Jonger wanted. This attitude is no longer possible. 
No corporation under our social and industrial order can brush aside 
this humane duty. Every such organization must, as best it may, do 
its duty both to the public and to the individual. For this reason, 
therefore, no college is justified in turning out without some provision 
an old and faithful teacher who has long served it. It still does not 
follow that such an institution is in a position to establish a permanent 
and definite system of pensions. 

The questions, what form of pension system is wise and just, and 
what effect the establishment of a pension system wil] have upon the 
professional and moral qualities of teachers, and what effect the estab- 
lishment of such a pension system will have upon the college itself, still 
remain to be answered. ‘These questions are part of a much larger one 
with which society is to-day engaged. Is it for the interest of society 
as well as for the interest of the individual that some definite provision 
for old age and disability be made? If so, under what conditions 
should such pensions be conferred and from what source shall they be 
provided? Should the beneficiary bear at least a part of the burden 
of a pension or should it be paid by the agency, whether it be corporate 
or governmental, whieh the pensioner serves? These are questions with 
which all modern organizations—state, business corporation or social 
organization—are confronted. The college or university, as one of 
these orgamizations, must also seek to answer these questions in its own 
way and to the extent of its responsibility. 

The literature which has appeared in recent years concerning pen- 
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sions is large. In this country the most valuable contribution to the 
subject has been the Report of the Massachusetts Old Age Pension 
Commission, a report due in large measure to the energy and careful 
work of its chairman. 

Pensions, as we discus them to-day, are characteristic of modern 
civilization. ‘This is necessarily so. A pension system can not be 
valued unless it promises security, and it is only within recent history 
that institutions and governments have attained to any great degree of 
security. In the ancient world pensions are hardly met with except in 
the bounties paid to discharged soldiers. In the Middle Ages the 
church, the only stable institution, fixed no age limit for its servants, 
but relieved their old age by coadjutors and assistants rather than by 
retirement. 

The modern pension systems appeared in the nineteenth century 
and have shown rapid growth. ‘Their extension to all orders of society 
has been a feature of the opening decade of the twentieth century. 
This result is due to two facts: first, to our quickened sense of hu- 
manity; secondly, to the clearer appreciation that such humanity means 
more effective service and an improved condition of society. Minor 
factors have also helped to quicken the attention of the more thoughtful 
nations to the need of support for old age. The work of modern society 
is done under increased pressure and under more nervous conditions. 
At the same time that these changes have taken place improved public 
hygiene has lengthened our years beyond the average of the last century. 
Men’s activity is exhausted at an earher date in many callings, while at 
the same time improved conditions of health prolong their lives. The 
period in which men require help has, therefore, been extended. 

The movement for a general system of pensions to aged poor, to be 
paid by the community, was first proposed in England in the eighteenth 
century. The first comprehensive plan, however, to be enacted into a 
national law was that adopted by the German legislation of 1891. This 
was followed by Danish legislation in the same year; and at the present 
time, in addition to these countries, France, all the Australian states, 
and New Zealand have old-age pension systems, while Belgium and 
several of the cantons of Switzerland maintain a voluntary insurance 
against old age. In 1898 England enacted in Parliament the most 
far-reaching of all old-age pension acts. 

The United States government has hitherto lagged behind other 
nations in the investigation and study of the civil pension for its old 
servants. This is no doubt due in part to the prejudice against all 
pensions engendered by the history of the bounties bestowed by the 
government upon the survivors of the Civil War and their families. 
The payments on these pensions aggregated in 1910, forty-five years 
after the close of the Civil War, the enormous total of $160,000,000. 
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The history of this pension fund has been perhaps the greatest scandal 
which has fastened upon our government. This enormous payment 
represents not devotion to the patriots of the Civil War, but political 
truckling in its smallest and most objectionable form. With this lesson 
before them the people of the United States have hesitated to deal at 
all with the question of pensions for civil servants. 

Notwithstanding the unwillingness of the national government to 
deal with the question of civil service pensions such pensions are being 
widely extended amongst the large business corporations and railroads. 
The New York Central Railroad, the Pennsylvania Railroad, the 
United States Steel Corporation, and many other railroad, banking and 
industrial corporations have established systems of pensions for their 
officers and employees. An interesting type of such a system has 
recently been authorized for the Boston and Maine Railroad by the legis- 
lature of Massachusetts. In addition, several states of the union, the 
last of which is Wisconsin, have inaugurated pension systems for public 
school teachers, maintained in considerable part by deductions from the 
salary of the individual. 

Before the establishment of the Carnegie Foundation, pension sys- 
tems for teachers, quite limited in their provisions, were in operation 1n 
the University of California, Columbia University, Cornell University, 
Harvard University, MeGill University and Yale University. Pension 
systems have since been instituted in Haverford College and for those 
teachers connected with Teachers College at Columbia University who 
do not come within the rules of the foundation. In most of these 
colleges the entire pension was to be paid by the institution. In some 
of them—as, for instance, at Cornell—the pension was to be paid in 
part from an endowment fund and in part from the payments of the 
professors. 

The various pension systems thus briefly alluded to as now being in 
operation may be divided mto two general types, the non-contributory 
and the contributory, and the latter type must be subdivided into two 
subtypes—that in which the contribution of the prospective pensioner 
is voluntary and that m which the contribution is compulsory. It goes 
without sayimg that the variations under these types and subtypes are 
endless. For example, in the compulsory contributive type contribu- 
tions may be required from others than the pensioner himself. Thus, 
the German old-age pension system regards three parties as partici- 
pating—the imperial government, the employer and the employee. The 
last two contribute equal amounts. In the year 1907 the contributions 
were as follows: 


Imperial AP OVER MIM ENE . a:i.2) Mane see awe a cinaed cease dats uc M49,600,620 
HM Plo yerse nara ccshiene keiaset asa aly Badene. whan a doe ata BS a $9,321,600 
EMployees: .., ida aiuie ns Sone bo Paw een eee hee ea $9,321,600 


GWEN, "ales doa cabs RASS acete Dacied a Sas Mite acteeile Ree ee 31228,243,820° 
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In other words, the total expense on account of old age pensions in 
Germany for that year amounted approximately to $57,000,000, of 
which the state paid something over $12,000,000—an interesting con- 
trast to the enormous expenditure of the United States upon war pen- 
sions in the same year, the difference arising in the main from the fact 
that one expenditure was made under a carefully thought-out and care- 
fully planned system, the other under an arrangement largely the result 
of accident modified by political considerations. 

The relative wisdom of these different forms of pension systems has 
been the subject of sharp discussion during the past fifteen years. Out 
of this discussion one or two general principles appear to have been 
settled. The investigators of pension systems agree that the pension 
should be paid under definite and specific conditions, not as a matter 
of chance or of preference. A second conclusion to which practically 
all publicists have come is that the system under which a part of the 
pension is paid by the employing agency, but in which entrance to the 
pension system is a voluntary act, is a failure. Not that such a pension 
system will not accomplish good for many of those who enter it, but the 
very person it is instituted to relieve will not be affected by it. Such a 
system will, as a rule, fail either to relieve or to educate those lacking 
thrift, the very class most likely to need aid in old age. The experience 
of the past seems to show that one might as well expect all government 
civil servants to take out life insurance policies as to enter into such a 
plan for the relief of old age. 

The discnsion of pension systems at the present date, therefore, has 
practically settled down to the consideration of two systems: either one 
in which the contribution is compulsory upon all the prospective pen- 
sioners, or one in which the entire cost is borne by the regulating 
authority. It seems likely that in the future the development of pen- 
sion systems by corporations or by governments will be along one of 
these lines, and this notwithstanding the fact that serious objections 
have been made and continue to be made to both plans. 

If contributions are exacted from all, the contributors acquire rights 
which in some cases prove embarrassing to the administrators of the 
fund, if that administration be a government or a corporation. For 
example, great difficulty was found in dismissing certain dishonest 
police officers in New York City, because by their contributions to the 
pension fund of the force they claimed a vested right in their office. 
This, of course, is an extreme case. 

It has also been shown by experience that in a contributory pension 
system the employees will sooner or later make the following demands, 
which it is difficult for the employer to resist, and vet which greatly in- 
crease the cost of the pension system: (1) that if the employee resigns 
or is discharged his contributions shall be returned to him, with interest ; 
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(2) that if the employee is disabled permanently through illness or acci- 
dent before he arrives at the retiring age, he shall receive a proportional 
pension; (3) that if the employee dies before arriving at the age of re- 
tirement, his estate shall receive his contributions, with interest; (4) that 
if the employee retires, but dies before the total of his pension receipt 
equals the total of his contributions, his estate shall receive the differ- 
ence, with interest. 

The difficulties of maintaining a non-contributory pension system 
for a very large class of beneficiaries are also serious. No such system 
has been in existence long enough to afford much useful experience, and 
the estimates of experts are so affected by the lengthening of life in 
civilized countries, by the unforeseeable growth of the class to come 
under the pension system, and by that curious tendency for the average 
age in a community or a class to rise as the community or the class 
grows, that such a pension fund is hable to sudden and unexpected 
strains unless there are provisions for its increase from some large 
source—for example, government appropriations, or a supporting fund. 

The difficulties of either of these systems are not insuperable. ‘The 
doctrine of law which protects the contributor to a pension fund protects 
him only against what the law regards as arbitrary action and is difficult 
chiefly because it requires the management of the fund to proceed in all 
eases with a regard for legal precedent which laymen are apt to regard 
as excessive and which at times interferes with efficient management. 
If, however, justice and the necessary procedure of the law are adhered 
to, the compulsory contributory feature need not cause embarrassment. 

The objection to the non-contributory scheme may be also obviated 
by economy, by a careful study of the laws of vital statistics of the class 
affected, by the general observance of just and fair management with 
the funds at the disposal of the managing agency and by the coopera- 
tion of beneficiaries themselves. 


The practical question which faces those who are considering pension 
systems is, therefore, the relative advantages of the compulsory con- 
tributive type and of the non-contributory type. Both of these are 
immensely preferable to the unfair and inhumane system which they 
are intended to displace. Secretary MacVeagh has most clearly pointed 
out that, except with employers of peculiar hardness, all governments 
and institutions conduct their operations really on an imperfect pension 
system. The seeretary writes in his report for 1909: “The service is 
blocked in many instances by the unwillingness of the officials in charge 
to throw out of place worthy men and women who have given the best 
of their lives to the work of the government. So that, in a very imper- 
feet and wholly unsatisfactory manner, a pension system is, and long 
has been, in operation.” Every college officer appreciates the fact that 
the colleges are also maintaining, in this imperfect sense, a pension 
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system, but one qualified at every step by favoritism or partiality. One 
who has oecasion to visit many colleges of the country will be astonished 
at times by two methods of proeedure in this matter, diametrically 
opposite, and vet entirely to be reeoneiled with the methods under which 
our colleges are governed. He will be astonished in the first place at 
the inhumanity whieh will turn out an old teacher after long service 
with no means of support. THe will be astonished in the second place at 
many institutions by the presence in the faeulty of a considerable pro- 
portion of teachers who have long outlived their usefulness and who are 
practically pensioned by their retention in service. It is not one of the 
smallest of the disadvantages of this form of pensioning that the pres- 
ence of the aged and the infirm often arouses in the minds of shallow 
aud impatient men a disregard for the really superior qualities which 
many of those in advanced years possess. ‘There are always those who 
beheve under sueh cireumstances that all evils can be remedied by a 
sweeping ediet which often tears down more than it builds up. 

The most serious objections brought against either the contributory 
or the non-eontributory form of pension are two. Those who make the 
objections fear that pensions from an outside source may undermine 
the sturdy virtue of independence, and in the seeond plaee that the 
granting of such pensions and the security which may come from their 
anticipation will produce a deeay of the fundamental virtue of thrift. 
To these moral arguinents may be added the economie contention that 
pensions lower wages. 

While there are certain differences between systems of pensions 
intended for working men and those intended for teachers, it neverthe- 
less remains true that all these objections may be urged against a system 
of pensions for teachers with as much reason as against a system of 
pensions for working men. Human nature in teachers and in working 
men is in no sense different, and if these be sound objections in one 
case they are doubtless sound objections in the other. 

The first of these objections seems to me to rest in large measure 
upon a false ground. A man can be independent and yet not insist 
upon paying himself for everything that he receives. In the complex 
organization of modern society no individual in any class of soeiety pays 
for everything which he reeeives. The wealthy boy at college is a pen- 
sioner in very much the same way that the poor boy is. John Hampden 
Jost nothing of his feeling of independence by partaking of the bounty 
of William of Waynefleet. Nor did Milton or Charles Darwin experi- 
ence any impairment of their sturdy qualities of spirit from having been 
educated through the generosity of the Lady Margaret. That is a 
singular, and probably a narrow, man who has not partaken of the 
benevolence of others. The whole effeet and outcome of that partici- 
pation depends upon the spirit in whieh the benevolence is tendered 
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and the spirit in which it is accepted. In a well-conducted pension 
svstem the administrators have in the main to come to a judicial 
determination as to whether a specific individual has complied with the 
conditions or not. If he has so complied, the awarding of the pension 
is very mueh like the payment of a salary. 

Most persons who have thought concerning this matter feel much 
more strongly the argument that pensions discourage thrift than they do 
the objection that they cause a loss of independence. Thrift is a funda- 
mental human virtue. ILard to build up in races and individuals, it is 
easy to break down in both. The true course in the training of human 
individuals and in the training of human communities would seem to 
be not to set thrift in opposition to the moral results achieved by a pen- 
sion system, but to realize that the growth of thrift is analogous to the 
growth of all spiritual and moral faculties. It is just because the habit 
of thrift is so diffienlt to acquire and to retain that pensions are not 
antagonistic to it. The security given by a pension system is really the 
acquisition of a certain equity which will result in benefit to those who 
participate in it. Such a consideration, if rightly used, can be made to 
minister to the idea of thrift, not to break 1t down. 

In fact, the whole theory that possible destitution in old age is the 
prime cause of thrift seems to need revision. Hope, not fear, is the 
great moving power in humanity. To save so that the income will be 
a decent support seems to many, and these often in highly respectable 
callings, so hopeless a task that to undertake it nnaided appears foolish, 
but with a living assured in old age there is an incentive to save in order 
that additional pleasures or greater advantages for others might then be 
possible. It must, however, be admitted that the contributory type of 
pension lends itself more directly to the upbuilding of such a spirit than 
the non-contributory type. From the Jarger economic as well as from 
the larger moral standpoint the plan of a contributory pension seems to 
promise least danger to society and the greatest result. I am melined 
to believe from such evidence as the pension systems which now exist 
can furnish that a justly regulated compulsory contributory pension 
system, on the whole, promises most both for the individual and for the 
social organization. 

The economic argument that pensions depress wages is too vague 
to furnish any sound basis of objection. From the economic point of 
view the argument has weight, but in the actual administration of busi- 
ness so many factors influence wages that a pension, even if it exercised 
its influence on this side, must have a relatively small effect. It may be 
true that in certain eases the existence of a pension system may be used 
to persuade a man to enter a given ealling and to undertake a given line 
of work for a smaller recompense on the ground that he is to receive a 
pension in the fnture. This argument certainly may apply to teachers 
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as to all other classes of men who offer themselves for employment, but 
the experience of the foundation up to the present time indicates that 
this factor is relatively negligible. Since the inauguration of the 
Carnegie Foundation salaries of professors in colleges have steadily 
risen. The existence of a pension system in a college, while it may 
now and then be used to induce a man to undertake a particular work 
for a smaller salary, is nevertheless so small a factor that it does not 
count materially in the presenee of other large factors in the matter 
of salaries. 

The justification for a pension system, however, ean not be found in 
its negative qualities, or in its comparative freedom from injurious 
results to the individual and to society. It must not only prevent suf- 
fering and inefficiency, but it must also raise the quality of service 
amongst those to whom it apphes. 

That a rightly administered pension system does this is already 
fairly proved. Particularly is this true where the labor of those under 
the system is mental labor, and still more when that labor is partly of 
a creative nature and upon subjects of no immediate concern to the 
individual. Anxiety and apprehension are the most deadly foes not 
only to mental exertion, but to the higher intellectual qualities of 
imagination and invention. A man may indeed put forth unusual 
intellectual effort for a few years in facing the problems of individual 
and family support, but to assume that concentration on such problems 
during a series of years, accompanied by distressing nneertainty as to 
his future, will help the quality of his teaching or his research is against 
human experience. Profitable study and the cheerful performance of 
severe tasks are aided by serenity, not perplexity of mind. Especially 
is this true of the fruitful period of middle life. If it be trne that we 
are still so uneivilized that a prospect of serene and helpful old age is 
demoralizing to men of high intellectual training, then the enre for this 
situation does not he in making old age uncertain and insecure, but in 
the gradual education of men to a better ideal of life. The experience 
of the Carnegie Foundation, short as it is, carries a strong argument in 
favor of the betterment in the work of the college teacher which comes 
from a knowledge that his old age is protected. Outside of all direct 
results to society arising from pensions. the argument drawn from 
humane and religious reasons probably will always appeal most strongly. 
The system of employment which nses the services of a highly trained 
individual at meager pay up to the point where he is no longer effective 
and then takes no concern for his welfare and for those dependent on 
him has a remnant of barbarism about it which arouses a protest in the 
conscience of civilized man. Our religious and our humane ideals 
demand that some effort should be made to solve this problem. 
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In all that has been said the systems of pensions under consideration 
have been those which arose gradually. For example, the system 
adopted by the German government came about after years of agitation 
and diseussion. Pensions in the German umiversities began with the 
contributions of the professors themselves, and only after a long period 
of time and a long discussion of the economic and mora] questions 
involved was the burden of pensions shifted entirely from the shoulders 
of the teacher to the purse of the government. The system of pensions 
supported by the Carnegie Foundation in the accepted institutions, in 
marked contrast to these, is one founded out of hand by the generosity 
of one man. It has inaugurated a series of pensions which are paid 
practically through the colleges, for the individual teacher has no ocea- 
sion to know the Carnegie Foundation at all. He deals simply with 
his eollege. 

Even when one admits the general good results flowing from a well- 
administered system of pensions, either upon the contributory plan or 
upon the non-contributory plan, there stil] remains the question, what 
is the moral effect of such a pension system as that whieh has been 
conducted during the last five years with the funds held by the trustees 
of the Carnegie Foundation ? 

The good side of this retiring allowance system is very easy to see. 
The letters which come from old teachers grown gray in the service of 
a modest college, speaking of the relief of mind and spirit which has 
come to them through this protection tell a story so full of human 
interest and of human happiness that there is no answer to such a 
recital. There is little danger that a pension will demoralize a man 
who up to sixty-five or seventy vears of age has given his life to the 
hard and unselfish work of a teacher. Perhaps no feature of the 
Carnegie pensions has been more appreciated than that provision under 
whieh half of the pension of the teacher is paid to his widow. The 
meaning of this feature of the pension system was vividly stated in a 
letter which came to the foundation from the widow of an old college 
teacher in the middle west. Ter husband had taught for forty years 
in a small college. We had accepted a year before a modest pension, 
and at his death the half of this pension, amounting only to fifty dollars 
a month, had been allotted to his widow. In acknowledging the receipt 
of the first payment she wrote, “ Perhaps you can not understand how 
much it means to me to receive what some would consider so modest a 
sum, but with my little house in this small town this payment means 
the difference between dependence and independence.” — It is this whieh 
the teacher values most in lis old age—independence for himself and 
for the wife who may survive him. The result of the Carnegie Founda- 
tion pensions in this direction has been all that one could wish. 

No less evident has been the good effect of the foundation pensions 


A UNIVERSITY PENSION 511 


upon the colleges themselves. Where the foundation has enabled a 
college to retire in a dignified and just way teachers who had worn out 
their usefulness and where it has enabled colleges to substitute in their 
place younger men of fresh and alert spirit, the result has been to 
quicken and vivify the whole intellectual life of the college. Here 
again is a result whose benefit no one can question. 

On the other hand, there is another side which ean not be lost sight 
of. The presence of the altruistic spirit amongst college teachers 1s 
strong, but perhaps no stronger than amongst other men. As in every 
ealling a large number of those in the profession of the teacher are 
drawn to it by bread and butter motives. The offering of a pension 
can not fail in some cases to minister to the selfish side of human nature. 
There will always be certain individuals who, when they find them- 
selves in possession of a given advantage, whether that take the 
form of a benefit in the hand or one to be acquired in the future, 
will trade upon the possession or the prospect of that benefit. There 
will be under such an arrangement a certain nnmber of teachers 
who will count the vears and the days until the coming of the mini- 
mum age which enables them to resign the duties which they now 
perform in a perfunctory and routine way. There are still other 
men facing responsibilities and difficulties in administrative places 
or in teaching who would gladly use the way of the pension to es- 
cape from the perplexities and responsibilities of their positions. Every 
president considers his own case an exceptional one. He is prepared 
to prove to the foundation, even when he is turned ont of office by 
the trustees for alleged incompetence, that he is entitled to a pension on 
the ground of extraordinarily meritorious service. Every teacher, too, 
thinks his own situation is unique and that he ts entitled to considera- 
tion of a special sort by reason of his particular and unusual service. 
All this arises out of the qualities of human nature. On the whole, the 
number of those whose selfishness is touched bv such a benefit is small, 
as small perhaps as one ought to expect, and in the long run much of 
this will disappear as the teachers themselves become accustomed to a 
system of pensions. In time teachers will realize that it is to their own 
interest and in the direction of their own happimess to continue work as 
long as they are really fit and able to serve. The late William T. Harris 
always insisted that a college professor was at his best between the ages 
of sixty-five and seventy-five, and he strongly urged the trustees of the 
Carnegie Foundation at the inception of the trust not to make the 
minimum retiring age lower than seventy. Mr. HWarris’s argument was 
a partial one, but it had truth mit. There are many teachers who are 
at their ripest and at their best between sixty-five and seventy-five and 
such men ought, of course, to remain in their profession. In the long 
run it will be found that they will do so, although for a few years the 
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idea of the pension will induce some men to surrender work at an earlier 
age than they ought. It is impossible to offer to men an advantage 
such as that which flows from a pension system of any sort without 
arousing in some minds the question—How can IJ get the most out of it? 
But the number of such individuals amongst college teachers is small 
and will become smaller as the standards of college hfe rise. 

Nor ean one shut one’s eyes to the fact that the colleges themselves 
may, by reason of the pensions of the foundation, neglect their own duty 
in taking care of their old teachers. The officers of the foundation 
have done all in their power to make it clear to the colleges that the 
funds at their command and likely in the future to be at their com- 
mand could care for only a limited number of colleges. Nevertheless, 
in spite of this effort, it has been tacitly assumed by many colleges, 
and generally by those of the lowest standards in scholarship, that any 
obligation on their part to care for their old teachers had vanished with 
the inauguration of the foundation. ‘This phase of the situation is also, 
I beheve, a temporary one. 

One other feature of the Carnegie Foundation pensions has aroused 
eriticism. This is the plan of a centralized pension fund and the fact 
that this agency deals in its publications with general educational ques- 
tions which touch directly university interests and educational policies. 

The dread of a centralized ageney in any field of social activity is 
one which depends largely on the point of view of the individual. The 
idea that such an agency as the Carnegie Foundation will exert arbitrary 
pressure upon those colleges which choose to accept its pensions seems to 
me unprobable. Such agencies, like universities themselves, are in the 
end molded by pubhe opinion. There is, however, no method by which 
this can be proved to one who sees in the existence of such an agency 
unfortunate influences upon the colleges and universities. The two 
opinions result from differences in the point of view, not from differ- 
ences in intellectual honesty and sincerity, and such differences of view 
only time and experience can bring together. 

Tt seems to me, however, that the argument that a central educa- 
tional agency may exert arbitrary and unwise influence over the uni- 
versities may be very fairly compared with a similar arraignment of 
the universities themselves which, by a somewhat singular coincidence, 
was put forward at a meeting of teachers simultaneously with the one 
just alluded to. 

This complaint came from the secondary school men. They argued 
that the universities are outside corporations having little sympathy 
and knowledge of secondary school work and yet not only ready to exert 
over the high school an arbitrary power, but actually in a number of 
cases exerting this power to the harm of the secondary schools. These 
secondary school teachers protested most strongly against the domina- 
tion of any such outside irresponsible agency. 
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That there is a measure of truth in this complaint no one who knows 
the edneational sitnation will deny, And vet 1 fanev that no man is 
ready to advocate the abolition of universities In order to preserve the 
rights of the secondary schools, The real lesson, on the other band, is 
that of a wise cooperation. No ageney in civilized society, not even a 
university, can have absolute independence. What such an institution 
can have is freedom, to be gained however by due observance of its right 
relations to all other agencies im the social order. In a democracy the 
power of public opinion, as fast as public opinion is educated, will bring 
about such cooperation, ‘The remedy for possible danger to the rights 
of the mdividnal or of the single institution does not: seem to He m 
redneing all agencies to inetfectiveness, but rather in the general educa- 
tion of the whole people to an appreciation of the observance of the law. 
In the last analysis an educated pubhe opinion will regulate both the 
relations of centralized edneational agencies to the universities and the 
relations of the universities to the secondary schools. Meantime, no 
man tm either form of organization will object to sincere and discrim- 
inating criticism. Tt is such criticism which edneates public opinion. 

Notwithstanding the incidental difficulties, therefore, which arise in 
the administration of any system of pensions, [ believe that the advan- 
tages which have resulted from the conferring of pensions have far out- 
welghed the disadvantages and that, furthermore, the advantages on the 
whole seem likely to become stronger with time. while the disadvantages 
seem likely to diminish. The valne of a pension system depends not 
only on the intelligence and conscience of those who adimuanister it. but 
on the spirit and morals of those who are to benetit by it. and the 
dangers of a pension system le mainty in those upiversal dangers which 
eome from human weakness and hiiman selfishness. 

It is. to my thinking, a fair question whether the college pensions 
ought not, like other pensions, to carry a contributory feature. No one 
ean be more sensible than fF of the tremendous demands made upon the 
meager salaries of the American college teachers, and vet notwithstand- 
ing this, it is impessible to remove the college teacher from those social 
and moral obligations which affect all men. The experience of the 
world seems to point strongly to the conclusion that on the whole a 
contuibutory form of pension is likely to be most Just and least harmful. 
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COLLEGE STUDIES AND PROFES- 
SIONAL TRAINING 

In The Educational Review for Oc- 
tober, President Lowell, of Harvard 
University, gives some interesting sta- 
tistics in regard to studies pursued in 
college and success in the work of the 
professional sehool. 
he finds that students who enter Ilar- 
vard College without conditions do well 
in their college studies and that stu- 
dents who do well in college also do 


In a general way | 


well in the schools of law and medicine, — 


whereas their standing in the profes- 
sional schools is not dependent on the 
kinds of studies pursued in college. 


Average Election of College Courses by Graduates of The 
LAW SCHOOL, 


1. 


The diagram shows the average elee- 
tion of college courses by graduates of 
the law and medical schools, the broken 
lines representing the men who gradu- 
ated from the professional schools with 
honors and the plain lines those who 
did not. It is apparent that the future 
law students took more work in history, 
government and economics, and _ the 
future medical students more work in 
the natural sciences. But the law stu- 
dents who in college elected more work 
than the average in history and polit- 
ical science did not do better than the 
others, and the medical students who 


elected more work than the average in 
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On the contrary, it appears that of the 
23 men who took ten or more courses in 
science, only 39 per cent. graduated 
cum laude from the medical school, 
whereas of 48 men who took less than 
three courses 61 per cent. graduated 
cum laude. In general, it was the case 
that students who elected six or more | 
courses In any one of the four groups 
into whieh the studies at Harvard are_ 
now divided did equally well in the> 
professional school whatever the group — 


the sciences did not excel the ote 
| 
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The two columns on the right side of 
the diagram show the relations between 
high standing in college and success in 
the work of the medical course. Of the 
239 men who received no honors in col- 
lege 36 per cent. were given honors in 
the medical school; of the 85 with a 
cum laude in college, 76 per cent.; of 
the 39 with magna cum laude, 87 per 


-ecent.; and the two who received summa 


cum laude received honors in the med- 

ical school. : 
President Lowell’s theories are cer- 

tainly supported by these statistics. 


| We holds that men should be incited to 
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obtain high grades in college and that 
the college course should be purely 


'eultural without reference to the stu- 


dent's work in after life. He has 
argued that the college course should 
make all students equally well prepared 
to enter any professional school and 
that the entrance requirements of each 
professional school should be such that 
they are met by all students having 
completed a college course. Every one 
will of course agree that it is a good 
thing for students to do well in their 
college work, even though it may he 
doubted how much is gained by trying 
to lead students to compete with one 


another for honors, as President Lowell 


The two columns on the left represent the 
students in the medica! sehool who did not 
and who did receive honors in accordance 
with the subjects pursued in college. The 
two columns on the right represent those who 
did not and those who did reeeive honors in 
the medical school in accordance with their 
standing in college. 


in which the larger share of work was 
done. The relations for the medical 
school are shown on the chart. Of 311 
studeuts who elected six or more courses 
in the languages in college, 145 gradu- 
ated without and 166 with honors from 
the medical school. Of those who took 
six or more courses in the natural sei- 
ences, 75 graduated without and %] 
with Within the limits of 
probable error, the relations are the 
same for the smaller groups in political 
science and in philosophy and mathe 
maties, 


honors. 


It is, however, a legitimate 
work to make it 


advoeates, 
incentive to good 


‘known that students who do well in eol- 


lege, are likely also to succeed in the 
professional school and in after life. 

The fact that students do equally 
well in the medical school, whatever the 
studies they pursued in college, is a 
stronger arguient for cultural studies 
than any theory. It is not quite con- 
vineing, as it may be argued that the 
conrses in the natural sciences given 
to students at Tlarvard are proved by 
these statistics not to be the best train- 


ing for the future medical student. We 


‘know that students who do well in one 


subject in college are likely to do well 
in others. This was put on a quantita- 
tive basis by Dr. Clark Wissler in a 
doctor's thesis from the psychological 
of University, 


department Columbia 
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which showed that the correlation was 
ahout 0.60. 
in Latin not only was Hkely tu do well 


The student who did well 


in other studies, hut was as likely to do 


as Well ino mathematies or in gym- 


Ability and 
lead to success rather than 


nasium work as in Freneh, 
hard work 
special aptitudes or previous training. 
Apart from manual skill, the student 
can learn in four years about as much 
as he is able to remember, and conse- 
quently students at the end of the ITar- 
vard medical course ¢an pass their ex- 


sminations about as well whatever were — 


their studies four to eight years before. 
This does not, however, mean that a 


student imight uot have passed these | 


exauiinatious equally well if he had 
begun his medical work two sears 


sooner and begun to practise medieine 
two years earlier, or that he would not 
have been a better prepared physieian 
if he had lett the college at the end of 
the sophomore year and spent six years 
in the work of the medical school. The 
real difficulty in the way of a prolonged 
eollege course in its bearmg on future 


professional work is that the student | 


This 


danger, as only the well-to-do can enter 


begins too late. is an economic 
the professions, and it is psycholog- 
ieally untortunate, as by the time a 
nian has begun his real work in life, 
he has passed the period when he is 
hest able to learn how to carry it for- 
ward and most likely to have new ideas. 


THE PORTSMOUTH MEETING OF 
. THE BRITISH ASSOCIATION . 


THE meeting of the British Associa- | 
a 


tion at Portsmouth appears to have 
maintained the high traditions of its 


eighty vears of scientifie service. The 


attendanee of about 1,400 was smaller | 


than usual, but this depends on the 
join for 
at hand 
of the 


in 


number of local associates who 
Details are not 
jut at 
meetings there 


the meeting. 


for Portsmouth, one 


Jarger recent were 


attendance SS5 members, a large part 


of whom were not engaged in seientifie | 


there 


associates 


to these 
local 


culdition 
Tas4 


work, smd = in 


were registered 
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anid S73 ladies. This indieates a stri- 
king difference between the meetings 
of the British 
tions, Which has beeome even more em- 
phasized im recent years, 


and American associa- 
At the ap- 
proaching meeting of the American 
Association and its affiliated societies 
at Washington, there will prohably be 
about 2,500 members in attendance who 
will be almost exclusively scientific men, 
They go to attend the meetings of the 
special societies having very technical 
will 
and 
and 
sessions which might be of interest to 
them. 

The constitution of the British Asso- 
ciation states that one of its principal 


programs; the people of the city 
know very little about the meetings 
will net even attend the addresses 


objects is ‘‘to obtain a more general 
attention to the objects of science.’’ 
The constitution of the American Asso- 
ciation statement. 
Both associations have eoneerned them- 
selves with the diffusion as well as with 
the advancement of science, and it must 
he admitted that the British Assoeia- 
tion has in this direction been the more 


contains « similar 


successful. It accomplishes more for 
the city in which it meets, and the city 
-in tur provides social functions such 
as are unknown in this country. At 
Portsmouth there were two dukes ready 
to entertain” the at their 
castles and a bishop to preach for them 
The mayor offered both a 


menibers 


on Sunday. 
garden party and an evening reception, 
and there were all sorts of social enter- 
tainments. There were excursions to 
the Isle of Wight and to the New 
' Forest, and the members were taken on 
a battleship to witness an attack by 
_torpedo-boat destroyers and submarines. 
| The turn 
jmunber of publie lectures and general 
addresses, and these were fully reported 
Thus the London 
of the 
and 


association 1 arranged a 


in the daily press. 
Times published the address 
president, Sir William 
large parts of other addresses, together 


Ramsay, 


with full accounts of the proceedings. 
It printed in advance an elaborate fore- 
cust ot the meeting and afterwards an 


Dir. JE. oy CS@1TFATER. 


Professor of Physiology in the University of Edinburgh. President of the British 
Association for the Advaneement of Selece. 


3tsr oor VPAsTrnur. 


Prosented bs the Pasteur Institute, Paris, to the Rockefeller Pnstitute for 
Mediendl Researeh, New York. 
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PROFESSOR 


ED. SUESS, 


Emeritus Professor of Geology in the University of Vienna. 


extended repoit, devoting many pagis 
to it. Nothing of that kind happeus in 
America, The general organization of 
society here accounts for the absence of 
social funetions which can perhaps le 
well spared, but it seems to be nufor- 
tunate that a demoeratic soviety does 
not take an active interest in the scien- 
tifie work which has made possible its 
existence and on which it depends for 
its extension and permanence. 

At Portsmouth, Professor FE. A. 
Schafer, the eminent physiologist of the 
University of Edinburgh, was elected 
to preside over the meeting to be held 
next vear at Dundee. The association 
will meet the following year in Birm- 
ingham, and in 1914 or 1915 a visit is 


Planned to Australia. The British As- 


sociation has in recent in 


South Africa and 
this fulfils and 
perial functions better than the Amer- 


years met 
in Canada, and in 
Way its national m- 
ican Association, whieh has never met 
further west than Denver. It may be 
hoped that our association will in 1915 
the Pacific at 


It might be possible to ar- 


meet on coast and 
Hawai. 
riige that those members who were 
able should preceed to Australasia to 
attend the meetings there, while British 
and Australian men of seience might 
join our association at THawait and in 
California, with an opportunity to visit 
the San Francisco Exposition, whieh 
shonld aim to surpass the St. Louis Ex- 


position im its seientifie congresses. 
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-L ILANDBOONWK OF 


UNIVERSITIES | 


Minerva, whieh tor twenty years has , 


heen oan invaluable annnal for nniver- 
sity men, lis issued as a supplement a 
volume contaiming details of the organ- 
ization of and 
throughout the world. It is to he fol- 


lowed Dy a second volume with similar 


nniversit ies colleges 


matenlal ino regard to Tibraries, mu- 
seums, observatories, ete. A vast 


amount of information is packed imto 
62H pages, printed in type almost too 
smill ta be legible. Like the 
issue of Murterva, it is edited with un- 


annual 


usual accuracy, but, as is likely to be 
the case, the material appears to he the 


more satistactory, the less the first- 
hand knowledge of the reader. Thus 


the only leetweship referred to uncer 
American universities is the ‘‘Sethman 
(intended for Silliman) lecturer at 
Yale.’ The following aceount of our 
fraternities would not give a elear or 
correct Dupression to foreigners: ‘* In 
the Jarger colleges and in the nniversi- 
ties most students are members of one 
or The members 
live in the college, usunily together ina 
The most important is 
Kappa Fraternity, 

It is not true that 
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whieh eould not be accomplished out- 
Vhe frontispiece, here 
: 
nel 


Suess, professor emeritus of geology of 


side Germany. 
reproduced, is a portrait of Dr. 
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solar physics at the Observatorio del 
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Alps and in the Andes. 
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#100000, Mer, Gifford Weld, 
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SCIENCE AMONG THE CHINESE 


By Dr. C. K. EDMUNDS 


PRESIDENT OF CANTON CHRISTIAN COLLEGE 


I. INTRODUCTION 


(a) Chinese Science a Case of Arrested Development.—In scien- 
tific knowledge, as in nearly everything else, China presents a case of 
arrested development. Chinese conceptions regarding the body of 
man, the materials of the earth’s crust, the surface forms of our glebe, 
of its origin and process of formation, of the vast celestial universe 
through which it whirls, of the nature and origin of matter and of 
cosmogony in general, are the conceptions characteristic of western 
peoples before and during the middle ages. Not only so, but they 
are the same as were held by her own sages centuries before that 
period; in many cases they express the best thought of China’s deep 
thinkers in the days of Pythagoras and perhaps prior to his time, 
while in others they give us the cream of Chinese philosophy as de- 
veloped during the early days of the glorious Sung dynasty (A.p. 1020- 
1120). While of course those who have within the last few deeades 
read the books of the west have modified their previous notions, 
the number of such as compared with the general people, though 
rapidly increasing, is still small and the purely Chinese conceptions 
of anatomy, physiology and medicine still consist of interacting func- 
tions of hypothetical organs, the intermixings of various vital fluids, 
and the subtle influence of capricious humors; chemistry is. still 
alchemy; geography, mere guesswork; geology, vague mythology; 
astronomy, astrology; and exact physical science, nil. Seience in China 
has made few advances during the last few centuries and is now but 
slowly responding to a new impulse from abroad in alt its departments. 

(b) Their Inventions, .lris, Engineering, not Evidence of Scientific 
Altainment.—To be sure, several striking inventions are probably to 
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the credit of the Chinese—gunpowder, printing, mariner’s compass, 
paper, etc., but the original crude forms or methods were not improved. 
Their use among the Chinese apparently had no direct effect in promot- 
ing their development among western peoples, and in nearly every case 
the invention was founded on the specific properties of matter dis- 
eoverable directly and did not involve any scientific concept of principle 
established and tested by observation. It would seem too that much of 
the Chinese servile imitation in mechanics, metallurgy and other arts 
is due to ignorance of the real nature of the materials they use, and 
yet it is not for long that such things have been intimately known to 
ourselyes of the west. The Chinese have made little progress in investi- 
gating the principles of mechanics, but have, however, practically 
understood most of the common mechanical advantages involved in 
various simple appliances. The lever, wheel and axle, cog wheels, 
wedge and rack and pinion, have long been known, but the screw is not 
frequent. In many of their contrivances there is an excessive expendi- 
ture of human strength; m many the object is merely to give a direction 
to this strength, not to decrease it, as in their manner of carrving a 
heavy stone, instead of constructing a simple truck that would transport 
it with half the expense of human power: yet the use of a truck would 
require something more in the way of good roads than most parts of 
China can boast of, and again human labor is almost the cheapest thing 
in China. 

While it is trne that the manufactures of silk, of porcelain and 
of lacquered-ware were original with the Chinese, and that in none of 
these have foreigners yet sueceeded in fully equalling the native 
product, and while the French looms are practically the same as those 
in Canton, except that steam power takes the place of human fect, 
it is also true that the meehanical arts and implements of the Chinese 
have a simplicity which suggests that the faculty of mvention died 
with the initiator. 

Three accomplishments in Chinese engineering, however, challenge 
the rest of the world to show similar feats in any remote time. The 
Great Wall, traversing high mountains and large rivers, built two 
hundred years before the Christian era, stil] stands as the most extensive 
monument of antiquity to attest the high engineering skill and kingly 
energy of that day. Of like hereulean proportions and for a more use- 
ful purpose is the Grand Canal which up to the date of its construction 
was the greatest public commercial work ever undertaken. The Great 
Sea Wall along the north shore of Hangchow Bay, judged in the light 
of the tremendous difficulties involved in its constrnetion merits even 
greater praise for native energy and skill.t And yet the very present 
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condition of the Grand Canal, which has doubtless been its condition 
for a century or more, is an eloquent witness to arrested development 
due to failure to apply hydraulic improvements. 

While giving due eredit for what they have done, we feel justified 
in concluding that the arts and the inventions of the Chinese do not, 
after all, witness to any degree of scientific attainment among them. 
Many of the later modern inventions of western people are the result 
of applied science, which certainly was not the case with these early 
inventions of the Chinese. There seems, however, to be room for a 
difference of opinion even among authorities. In 1839 G. T. Lay 
asserted in writing about Chinese musical instruments: 

It has been declared that the Chinese have no science, but of a surety, if 
we advance in the free and scholar-like spirit of antiquarian research, we shall 


be obliged to set our feet upon the head of this assertion at every step in our 
progress. 


And yet m his authoritative work, Williams closes his rather com- 
pendious account of “ Seience among the Chinese” with this summary: 

On the whole it may be said that in all departments of learning the Chinese 
are unscientific; and that while they have collected a great variety of facts, 
invented many arts, and brought a few to a high degree of excellence, they 
have never pursued a single subject in a way calculated to lead them to a right 
understanding of it, or reached a proper classification of the information they 
possessed relating to it. 


It may be of interest then to notice some of the leading ideas in 
what we may call “ Chinese science” and to inquire into the causes of 
China’s scientific backwardness as compared with modern western 
knowledge. In doing this we shall be largely indebted to Williams’s 
“ Middle Kingdom” for many of our facts and to Martin’s “ Lore of 
Cathay ” for suggestive lines of thought. 


Il. Tue Content oF “ CHINESE SCIENCE ” 


1. Anatomy.—Wylie has noted fifty-nine Chinese treaties im medi- 
cine and physiology (some of them belonging to the earliest days), 
many of which contain good sense and sound advice amid the strangest 
theories. Harland has lucidly and in detail described the Chinese 
ideas (apart from the gradually spreading foreign teaching) coneern- 
ing the organization of the body and the functions of the chief viseera 
false ideas which a very little dissection, a prohibited practise, would 
have banished. We shall not pause to consider these, but merely note 
that the most enrious is perhaps their idea of the liver, which they 
place on the right side of the body. 


It has seven lobes; the soul resides in it; and schemes emanate from it; the 
gall-bladder is below and projects upward into it, and when the person is angry 
it ascends; courage dwells in it; hence the Chinese sometimes procure the gall- 
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bladder of tigers or bears, and even of men, especially notorious bandits 
executed for their daring crimes, and drink the bile, with the belief that it will 
impart courage. 


Theories are numerous to account for the nourishment of the body 
and the functions of the viscera, and upon their harmonious connection 
with each other and the five metals, colors, tastes and planets is founded 
the well-being of the system, the whole intimately connected with the 
all-pervading functions of the yin and yang—those universal solvents 
in Chinese philosophy. 

2. Materia Medica, Botany and Zoology.—The advance made by 
the Chinese themselves in the study of natural history is shown by the 
contents of the two chief works—‘ Pun Tsao,” or “ Herbal,’ compiled 
by Li Shi Chin after thirty years spent in collecting information, pub- 
lished abont 1590 (40 octavo volumes—52 chapters), and “ Chih Wah 
Ming-shih Tu-kao,” or “ Researches into the Names and Virtues of 
Plants,” 60 volumes with plates, some of them good drawings, published 
in 1848. 

The author of the first of these treatises was the first and last purely 
native critical writer on natural science. Ue consulted some eight 
hundred previous authors and selected fifteen hundred and eighteen 
prescriptions, to which he added three hundred and seventy-four new 
ones, arranging the whole in what for his day was a scientific manner. 

After two introductory chapters on the practise of medicine and 
an index to the recipes contained in the work, which fills the first 
seven volumes, there are two chapters (filling three and a half volumes), 
giving a list of medicines for the cure of all diseases, and this with an 
essay on the pulse in the final volume constitutes the therapeutical sec- 
tion of the treatise. The remaining forty-eight chapters cover, after 
the fashion of the author, the whole range of natural objects—treating 
of inorganic substances under “water” and “ fire” and minerals, as 
earth, metals, gems and stones, throwing into a polyglot chapter what 
could not be included in the preceding sections; the vegetable kingdom 
is presented under the five divisions—herhs, grains, vegetables, fruits 
and trees: these again into families containing members which have 
no real relationship to each other, the lowest term sometimes being a 
genus, a species, or even a variety, as Linneus used these terms. 

In the classification of the minerals, ete., the influence of the 
language itself is shown, for, as pointed ont by Wilhams, the division 
is exactly that of the seven radicals which stand for fire, water, earth, 
metals, gems, stones and salts, under which the names of inorganic 
substances were classified in the imperial dictionary. The same thing 
is true for other parts of the treatise. 

Tn classifving herbs, the habitat is taken as the criterion, an “ herb ” 
denoting whatever Is not eaten or used in the arts or which does not 
attain to the magnitude of a tree. 
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The zoological grouping is as erude and unscientific as that of 
plants, though the sixteen zoological charaeters in the language are 
not so far astray from being true types of classes as the eleven botanical 
ones, and these groups, though containing many anomalies, are still 
sufficiently natural to teach those who write the language something 
of the world around them. 

The properties of the objects spoken of are discussed in a very 
methodieal manner, so that a student ean immediately turn to a plant 
or mineral and ascertain its virtues. 

3. Geography.—A few sentences from Williams’s “ Middle King- 
dom * will show the state of geographical knowledge among the Chinese 
prior to western influenee. 

Their geographical knowledge is ridiculous. Maps of their own territories 
are tolerably good, being originally drawn from actual surveys made by nine of 
the Jesuits, between 1708 and 1718, and since that time have been filled up and 
changed to conform to alterations and divisions. Before the day of western 
influence, and even long after, to a great extent until the present decade, in fact, 
the Chinese did not teach geography in their schools, even of their own empire. 
The common people have no knowledge, therefore, of the form and divisions of 
the globe, and the size and position of the kingdoms of the earth. Their common 
maps delineate them very erroneously, scattering islands, kingdoms and conti- 
nents, as they have heard of their existence at haphazard and in various corners 


beyond the frontiers. ... Their notions of the earth’s inhabitants are equally 
whimsical... . Charts for the guidance of the navigator, or instruments to aid 


him in determining his position at sea, the Chinese are nearly or quite destitute 
of; they have retrograded rather than progressed in navigation, if one judges 
from the accounts of their former trade with ports in the Persian Gulf, on the 
Malabar coast, and in the Archipelago. 


Of course in the modern schools now under way throughout the 
empire correct geographical notions are being taught; but such sehools 
have been so few up till 1900 and the total number of modern students 
so small even since then, that the notions of the common people are 
still subjeet to Williams’s characterization. To what extent even the 
supposedly more intelligent are still “at sea” in such matters is well 
shown by two recent cases, whieh illustrate also some effects of present- 
day scientific ideas upon Chinese minds educated aecording to the 
methods which have prevailed in China for ages. 

At the Shansi University, in discussing the search for the North 
Pole, a holder of the Chinese first degree seriously suggested that when 
the ship had proceeded as far north as possible, the pole might be seen 
with the aid of a teleseope. Another man thought of the same expe- 
dient, but considered that the curvature of the earth would render it 
mmpossible, and suggested that ascending in a balloon might afford the 
opportunity to use the telescope to see the pole. Still another man 
thought it would be simpler first to moderate the elimate of the polar 
regions hy planting trees along the way there, and by diverting the gulf 
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stream in that direction to render possible a closer approach to the Pole. 

Another graduate of the ancient system in Canton offered the fol- 
lowing as an explanation of why he thought it was hotter in Peking 
than in Canton: 


“ At Peking the earth is thicker than at Canton, and so a person Hy- 
ing on top of the earth is nearer the sun at Peking than at Canton and 
henee gets more heat, and we know that the earth is thicker at Peking 
than at Canton because in Peking you have to dig many tens of feet to 
get water, whereas in Canton you can readily strike water at ten to 
twenty feet.” 


4. Astronomy—Astrology.—The precise attainments of the ancient 
Chinese in astronomy are not easily understood from the seanty records. 
To the burning of all native scientific books, except those on agri- 
culture, medicine and astrology, by imperial order in 221 B.c., the 
Chinese attribute the loss of a mass of astronomical learning. Wylie 
furnishes a list of 925 solar and 574 lunar eclipses, extracted from 
Chinese works, observed between 2150 Bc and a.p. 1785. The 
earliest known record of an eclipse occurs, though imperfectly, in the 
ancient “ Shu-King,” or “ Book of History.” Retrospective calculation 
shows that it may have occurred as early as the autumn of 2158 B.c. 
Simple methods for predicting solar eclipses seem to have been in use 
in China before 2000 B.c., but this eclipse of 2158 B.c, is said to have 
appeared unexpectedly and to have so disturbed the emperor that he at 
once executed the two court astronomers for failing to predict it! 

In the Chinese canonical books thirty-eight solar eclipses are men- 
tioned, eighteen of which agree with modern lists, bnt the others seem 
in error in either month or year, though the day is: always correct. 
This suggests that the records are reliable and that the non-agreement 
is probably due to an imperfect knowledge of the ancient calendar, 
particularly with reference to intercalation and the beginning of the 
year, which are probably irregnlar. Intercalations were probably mtro- 
duced hy Yao about 2637 B.c., but it is hardly likely that thev have 
continned without variation to this day. Romish missionaries rectified 
the calendar about 1700 and have aided in its preparation until recently. 
A evele of sixty years was adopted in very early times, but there is no 
record of when or why this number was selected. The Chinese year 
is Innar, but its commencement is regulated by the sun. New Year 
falls on the first new moon after the sun enters Aquarius, which makes 
it come not before January 21 nor after February 19. 

Comets, whose briJhaney enabled them to be seen, have been care- 
fully noted by the Chinese, because their course among the stars is 
thought to determine their influence as portents. <A list of 373 comets 
mentioned in Chinese records has been published, extending from 611 


SCIENCE AMONG THE CHINESE 527 


B.c. to A.D 1621. The general value of these records is thought to 
entitle them to credence. 

While these observations of eclipses and comets were made for 
astrological and state purposes, they are not without value to European 
astronomers and chronologists. It would not be entirely safe to judge 
of the astronomical attainments of the Chinese from what has come 
down to our day, or by present popular notions. The knowledge con- 
tained in their own scientific books has not been taught, and in general 
the astronomical ideas of the Chinese are vague and inaccurate and 
serve as the basis of superstitious astrology rather than as an agency 
of enlightenment among the people. The writer vividly recalls his 
experience during a recent lunar eclipse, when almost the entire popu- 
lation of one of the largest cities on the Yangtsze turned out, each one 
carrying something with which to make a noise, kettles, pans, sticks, 
drums, gongs, fire-crackers, etce., to aid in frightening away the dragon 
of the sky from his hideous feast. And even the crew of a Chinese 
man-of-war, foreign built and armed with Krupp guns, will by orders 
published in The Peking Gazette turn out with drums, iron pans, etc., 
to make a din to “save the moon.’ 

Chinese astronomers distinguished five planets, or “ moving stars,” 
and named them according to their ideas of elementary substances: 
Venus, Golden; Jupiter, Wooden; Mercury, Water; Mars, Fire; Saturn, 
Soil. To them the galaxy was The Heavenly River, a close analogy to 
our term, The Milky Way. It is interesting to note how descriptive 
the Chinese terms are as applied in translations of modern astronom- 
ical ideas—a nebula is a “ star-mist”; asteroids are “small moving 
stars”; the spectroscope is the “ shooting shadow-lamp ” ; and spectrum 
analysis is “the shooting-shadow-difference-telling-light-method.” 

5. Mathematics —The arithmetical notation of the Chinese is based 
on the decimal principle, but as their figures are not changed in value 
by position, it is difficult to write out clearly the several steps in solving 
a problem. Arithmetical caleulations are performed with a “ counting 
board,” an arrangement of balls on wires, which can, however, only serve 


‘« 


as an index for the progress and result of a calculation done in the 
head, so that if an error is made, the whole operation must be done, 
again. 

The study of arithmetic has attracted attention among the Chinese 
from early times, and notices found in historical works indicate some 
treaties extant even in the Ilan dynasty (206 B.c—A.p. 214), followed 
by a great number of general and particular works down to the Sung 
Dynasty (1020-1120 A.D.). The Tfindu processes in algebra were 
known to Chinese mathematicians, but though studied even after inter- 
course between the countries had ceased, these branches made slow 
progress down to the end of the Ming Dynasty (A.p. 1368-1644). 
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The mathematical writings of the early Romist missionaries greatly 
improved the mathematical texts available in Chinese, and_ since 
foreigners have begun to introduce western science, the development 
has been rapid. But aside from the graduates from modern schools, 
the knowledge of mathematics even among the learned men of China is 
very small, and the common people study it only as far as their business 
requires, and that is exceedingly little. The cumbersome notation and 
the little aid which such studies gave in the ancient system of literary 
examinations (only abolished in 1905) doubtless discouraged the pur- 
suit of what they seem to have no taste for as a people. Chinese authors 
acknowledge the superiority of western mathematicians, and generally 
ascribe their advance in the exact sciences to this power. 

6. Action and Reaction of Elements ——Wilhams in his “ Middle 
Kingdom ” gives a table showing the leading “ elementary ” correspond- 
encies in the curious speculations used by Chinese philosophers to ac- 
count for any possible contingency in the changes of the visible universe, 
which in the hands of geomancers and fortune-tellers are the bases of 
considerable imposition on the people. The five elementary powers or 
hing are: water, fire, wood, metal and earth, and the table gives the 
qualities, tastes, and activities of the five hing as correlated with five 
points of the compass (the fifth being “ center”), the five correspond- 
ing planets, five colors, five viscera, five musical notes, five early emper- 
ors, four seasons, and four quarters of the zodiac. But to consider 
these ideas in detail would lead too far afield into unprofitable vagaries. 

v7. Chenistry—Alchemy.—Chemistry and metallurgy have been un- 
known as sciences, but many operations in them are performed with a 
considerable degree of success, and bear testimony to Chinese shrewd- 
ness and ingenuity in the existing state of their knowledge. The skill 
which they exhibit in metallurgy, their brilhant dye-stuffs and numerous 
pigments; their early knowledge of gunpowder, alcohol, arsenic, Glau- 
ber’s salt, calomel and corrosive sublimate; their pyrotechny; their 
asphyxiating and anesthetic compounds—all give evidence of no con- 
temptible proficiency in practical chemistry. In their books of curious 
recipes (see section 2) are instructions for the manufacture of sym- 
pathetic inks, for removing stains, alloying metals, counterfeiting gold, 
whitening copper, overlaying the baser with the precious metals, ete., 
many of the rwes in which are still in common use, and bear in their 
very terms the stamp of an alchemic origin. Dr. Martin in his “‘ Lore 
of Cathay ” presents striking evidence to show that in all probability 
western alchemy, from which our modern chemistry has come, had its 
root in the art as practised in China, where it appeared as an indigenous 
product, coeval with the dawn of letters. 

One doctrine of Taoism which was developed six centuries before 
Christ regards the soul and body as identical in substance, and main- 
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tains the possibility of preventing their dissolution by a course of 
physical discipline—a seed-thought which led the disciples of Laotze 
to investigate the specifie properties of matter in the two-fold search 
for long life and riches. In studying both the vegetable and mineral 
kingdoms Chinese alehemists were guided by the supposed analogy of 
man to material nature, which led them to ascribe an essence or spirit 
not only to animals and plants, but to minerals as well, so that in their 
view matter itself was constantly passing the limits of sense and assum- 
ing the character of conscious spirit. Thus was the world filled with 
fairies and genil. 

We need not discuss in detail the characteristic ideas of Chinese 
alehemy, but merely note that it had full vigor six centuries prior to 
western alchemy, which did not appear till a.p. 400 when intercourse 
was quite frequent between China and Byzantium, Alexandria and 
Bagdad. The two schools had much in common: same aims, closely 
corresponding properties ascribed to the two elixirs in each; principles, 
means, mystical character of nomenclature, and extravagant style of 
alchemie writings, all practically identical. So that, although it may 
be granted that the leading objects of alchemical pursuit might have 
occurred to men in any country as they felt their way towards a knowl- 
edge of nature, yet an independent origin seems unlikely, and it is 
almost certain that alehemy had its birth in the far east, yea in China, 
since the claims of India seem exeluded by the abundant proof that the 
alchemy of China is not an exotic, but an indigenous product, the earli- 
est forms of which are found in the “ Book of Changes,” a significant 
title, whose diagrams date back to 2800 B.c., the text to 1150 B.c., and 
the Confucian commentary thereon to 500 B.c. It is a striking fact 
that this book, chief in the canon of Taoism, was spared from the flames 
of the Tyrant of Ch'in to which all other writings of Confucius and 
his disciples were consigned. 

8. General Cosmological Ideas.—Contrast the modern ideas of the 
age and origin of the earth and of the extent of the universe in time 
with the following conceptions of Chu Hi (Chu Fu Tsz), the most 
famous of the eleventh-century philosophers: 

In the beginning heaven and earth were just the light and a dark air. This 
one air revolved, grinding around and around. When it ground quickly much 
sediment was compressed, which, having no means of exit, coagulated and formed 
the earth in the center. The subtle portion of the air then beeame heaven and 
the sun, moon and stars, which unceasingly revolve on the outside. The earth is 
in the center; it is not below the center. 

Heaven revolving without ceasing, day and night also revolve, and hence 
the earth is exactly in the center. If heaven should stand still for one moment, 
then the earth must fall down; but heaven revolves quickly, and hence mueh 
sediment is coagulated in the center. The earth is in the sediment of the air; 


and hence it is said, the light, pure air became heaven, the heavy, muddy air 
beeame earth. 
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At the beginning of heaven and earth, before chaos was divided, I think 
there were only two things—fire and water—and the sediment of the water 
formed the earth. When one ascends a height and looks down, the crowd of 
hills resemble the waves of the sea in appearance; the water just flowed like this. 
I know not at what period it coagulated. At first it was very soft, but after- 
ward coagulated and beeame hard. One asked whether it resembled sand thrown 
up by the tide? He replied, just so; the coarsest sediment of the water became 
earth and the purest portion of the fire became wind, thunder, lightning, sun 
and stars... . Before chaos was divided the Yin-yang, or light-dark, air was 
mixed np and dark, and when it divided the center formed an enormous and 
most brilliant opening, and the two principles were established. Shao Kang- 
tsieh considers one hundred and twenty-nine thousand six hundred years to be a 
yuen, or kalpa; then, before this period of one hundred and twenty-nine thou- 
sand six hundred years there was another opening and spreading out of the 
world; and before that again there was another like the present; so that motion 
and rest, light and darkness, have no beginning. . 

There is nothing outside heaven and earth, and hence their form has limits, 
while their air has no limit. Because the air is extremely condensed, therefore 
it can support the earth; if it were not so, the earth would fall down. 


Chu H1i’s theory considers the world to be a plane surface—straight, 
square and Jarge—measuring each way about 1,500 miles and bounded 
on the four sides by the four seas. The sun, moon and stars revolve 
around it at the uniform distance of 4,000 miles. Estimates of the long 
mythological periods antecedent to the appearance of Fuh-hi (the 
monarch of “highest antiquity,” 2852 B.c., according to Chinese annals) 
vary from 45,000 to 500,000 years. 

These ancient Chinese writings are a curious mixture of sense and 
nonsense, partially laying the foundation of a just argument and end- 
ing with a tremendous non-sequitur, apparently satisfactory to them- 
selves, but showing pretty conelusively how little pains they took to 
gather facts and discuss their bearings. One thing is to be observed 
eoncerning them, whieh is characteristic to-day, viz., there is no hier- 
archy of gods brought in to rule and inhabit the world they made; no 
transfer of human love and hate, passions and hopes, to the powers 
above, as In the Greek or Egyptian mythology; all here is represented 
as moving on in quict order, the work of disembodied ageneics or 
principles. “There is no religion, no imagination; all is impassible, 
passionless, uninteresting.” 

Perhaps the most sensible and orderly account of the creation to be 
found in these writings is the following: 

lIeaven was formless, an utter chaos; the whole mass was nothing but con- 
fusion. Order was first produced ‘in the pure ether, and out of it the nniverse 
eame forth; the universe produced air and the air the milky way. When the 
pure male principle yang had been diluted, it formed the heavens; the heavy 
and thick parts coagulated and formed the earth. The refined particles united 


very soon, but the nnion of the thick and heavy went on slowly; therefore the 
heavens came into existence first and the earth afterward. From the subtle 
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essence of heaven and earth the dual principles yin and yang were formed; 
from their joint operation came the four seasons, and these putting forth their 
energies gave birth to all; they produced fire; and the finest parts of the fire 
formed the sun. The cold exhalations of the yin being likewise condensed, pro- 
duced water; and the finest parts of the watery substance formed the moon. By 
the seminal influence of the sun and moon came the stars. Thus heaven was 
adorned with sun, moon and stars; the earth also received rain, rivers and dust. 


But such explanations were too subtle for the common people, and 
they personified and deified the powers and operations, though with far 
less imaginative genius and fine taste than the Greeks displayed in the 
same line. The most striking legend is that of Pwanku, the first crea-- 
ture, who was “ hatched ” from chaos by the dual powers and who then 
chiseled the universe into form and order by the might of his hands. 
Ilis efforts continued 18,000 years, and by degrees he and his handi- 
work increased : 

The heavens rose, the earth spread out and thickened, and Pwanku grew in 
stature, six feet every day, till, his labors done, he died for the benefit of his 
handiwork. His head became mountains, his breath wind and clouds, and his 
voice thunder; his limbs were changed into the four poles, his veins into rivers, 
his sinews into the undulations of the earth’s surface, and his flesh into fields; 
his beard, like Bernice’s hair, was turned into stars, his skin and hair into herbs 
and trees, and his teeth, bones, and marrow into metals, rocks, and precious 
stones; his dropping sweat increased to rain, and lastly, the insects which stuck 
to his body were transformed into people! 


It must be confessed that most of us will find this quite as clear 
and a far more interesting account of the universe than the learned 
disquisition of the famous Chu Fu T'sz. 


(To be concluded) 
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WITY DO CERTAIN LIVING FORMS PRODUCE LIGHT? 


By F. ALEX. McDERMOTT 


WASHINGTON, D, C. 


O every observer of natural phenomena, the query must some time 
come, “ Why do certain living creatures produce light?” The lu- 
minous molds of decaying wood, the photogenic bacteria of the sea-water, 
the fire-flies and lightning bugs, the deep-sea fish and other mysterious 
forms “that move in the waters ”—why should some of them be en- 
dowed with the property of producing light? The question is undoubt- 
edly one of fundamental biologie importance. The production of light 
by living forms is really no more wonderful than the production of heat, 
motion or electricity, but the production of heat and of motion is so 
eommon and so well known that but little attention is paid to them, 
while the forms which produce electricity are relatively so scaree that 
they are little known outside of the scientifie world. Between these 
classes are the forms possessing the photogenie function—sufficiently 
common to be well known almost everywhere, and yet sufficiently scat- 
tered among the creatures of the earth to excite wonder and admiration 
at the novelty of the property. We can, of course, beg the question by 
replying, “ These creatures have the power of producing within them- 
selves some chemical substance which, under certain circumstances, 
produces light, probably as the result of oxidation,” but this or equiva- 
lent statements leave us very little nearer satisfaction than at first. 

The matter presents also another question which is difficult to 
answer: Why should one creature be endowed with the photogenic 
function, and yet some other form, closely related to the first, be un- 
provided therewith? Did all creatures originally possess the power to 
produce light and have all but the few we know lost this power, or have 
the few that possess photogenicity acquired the power as a result of the 
development of certain habits or conditions of life? Tt seems probable 
that both explanations may be advanced for different forms—1, e., that 
in some cases related existing forms, some of whieh possess the photo- 
genic function and others of which do not, are descended from a com- 
mon photogenic ancestor, while in others the function has been devel- 
oped during the history of the speetes. 

There are certainly three reasons for the existence of the photogenic 
function some one of whieh is applicable to the great majority of 
luminous ereatures above the unicellular and very Jowly organized 
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forms. The first of these is that it is a secondary sexual character; 
the second, it is proteetive in purpose; third, it is a lure for prey. 
Other less general or less obvious uses may be shown, but in the great 
majority of cases one or the other of these explanations of the use of 
the hght-producing function will be found adequate, and sometimes 
more than one will apply to a given species. 

The simplest luminous forms are the bacteria. It is eertainly diffi- 
cult to see that photogenicity can be of any especial service to these 
unicellular organisms. Most, 1f not all, of the photogenie bacteria are 
ef marime origin, and it is possible that some of them may be pathogenic 
to eertain marine creatures when ingested, and the light thus serves to 
warn the baeterivorous plankton, etc., that these bacteria are dangerous 
food. Some species have been found to be pathogenic to Talitrus, a 
crustacean, Which may serve as a case in point. 

Luminous fungi are quite common, and here again we must leave 
the question with at most only a poor attempt at explanation. Pro- 
tective or warning it may be; but the author has never heard of lumi- 
nosity in the most poisonous of all fungi, the Amanitas, and certainly 
the luminous fungi he has seen did not appear to form any exeeption 
to the usual fate of fungi in general of being abundantly attacked by 
various species of insects. 

In both of these cases, the photogenicity may be like the fluorescence 
of extracts of the common firefly, Photinus pyralis, and of cultures of 
Bacillus fluorescens liquefaciens—merely a property of some chemical 
substance elaborated by the life processes of the organism, and having 
no bearing upon its economy. 

In simple marine forms like Noctiluca miliaris, the Pyrocyste, 
Pyrosoma, ete., 1t is possible, though unlikely, that the luminosity has 
a warning significance and it is obviously not a sexual character. These 
creatures exist in swarms, or in the form of communities—eompound, 
or rather composite animals—and it would appear very probable that in 
them the possession of the power to produce light finds its usefulness in 
the fact that bv its means they are enabled to communieate in such ways 
as their low state of organization may require. 

It is perhaps a digression, but a few words may not be amiss as to 
why the emission of light wonld be more useful to marine creatures 
than some other modes of communication m use among land forms. 
The sea-water is full of currents, ever changing and wavering; it varies 
in density slightly in different portions, owing to slight variation in 
concentration and in temperature. Therefore, the emission of a sub- 
stance to produce olfactory or gustatory sensations would be of little 
use as a means of communication, especially to a creature capable of 
motion, as many luminous forms are; they would have far more control 
over their own movements than over that of any emission. The pro- 
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duction of a sound would be better so far as transmission is concerned, 
for water is an excellent transmitter of sound; but to produce a sound, 
especially under water, a not inconsiderable amount of power is re- 
quired—as may easily be demonstrated by trying to clap one’s hands 
under water—and this amount of power is far and away beyond any 
possessed by the luminous marine creatures. True, some fish emit 
sounds—e. g., the drum-fish—but those marine creatures which do so 
are of considerable power and a quite high degree of organization. All 
living creatures, probably without exception, produce a certain amount 
of heat through their life-processes; but heat 1s obviously of no value 
so far as the purposes of communication are concerned, especially in 
an immense body of liquid of high specific heat. Variations in pressure 
more especially vibrations of longer interval than those of sound, may, 
of course, be produced and transmitted very effectively, but here again 
much power is required. As a matter of fact, some species of fishes 
have been found to possess along their lateral line, organs susceptible 
to vibration-frequencies approaching six per second in the water. Elee- 
tricity is a possibility, but in all cases of electrical tissues so far studied, 
considerable masses of muscular tissue have been found as the site of 
the eleetrogenic phenomena, again a matter out of the question for a 
simple organism. With light the problem is different: All that 1s neces- 
sary is the elaboration by the cell through its vita] processes of a sub- 
stance which, when in contaet with the oxygen dissolved in the sea- 
water, will produce light. Since certain bacteria can produce such a ma- 
terial from a compound as comparatively simple as asparagin (amino- 
succinamidie acid, CONH,-CHNH,-CH,-CO,II), this is a matter of 
comparative case and requiring nothing more than the metabolie proc- 
esses which might be ordinarily expected. After synthesis, the sub- 
stance when brought into contact with the sea-water would be oxidized 
with the evolution of light. Light knows little of water currents, and 
but little more of differences in concentration; it would spread in all 
directions from the point of emission, and to the delicate structures of 
the ocean fauna and flora, would, however weak it might appear to hu- 
man eyes, be sensible for considerable distances. Hence light is an 
ideal method of communication for marine forms of low organization 
and indeed for many of those of higher organization. 

teturning again to a discussion of the various forms: Perhaps the 
first case, in the upward scale, where we may apply with any degree of 
ecrtainty one of the uses mentioned hefore, is that of certain marine 
worms, the Annelds. Professor W. T. Galloway has reeently shown 
the use of photogenicity in a species of Odontosyllid as a mating 
adaptation, with evidence which leaves little ground for doubt. In this 
case propagation of the species appears to be entirely dependent upon 
a periodie photogenicity limited to certain more or less definite por- 
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tions of the vear, of the month, and of certain hours of the early eve- 
ning, during which the male is attracted from below to the luminous 
female at the surface. Various species of earth worms have also been 
reported to be photogenic, and it seems probable that the usefulness of 
the luminosity in this case Is somewhat the same as in the Odontosyllid 
mentioned above. 

The bivalve Pholas dactylus presents another anomaly, however, for 
it lives a rather sedentary life, and is certainly not poisonous, at least 
to man. Yet it possesses definite photogenic organs. Although it is 
possible that in this case the luminosity is protective, we probably have 
here one of the cases of the limited use of photogenicity, not yet dis- 
covered. 

Among the Crustacea there are several interesting cases of photo- 
genicity, and in regard to them, and indeed to the whole subject of the 
use of “phosphorescence” in sea-forms, Alcock’s interesting book “ A 
Naturalist in Indian Seas,” is well worth reading. Certain shrimp- 
hike crustaceans throw out from glands, corresponding to kidneys, a 
substance which m contact with sea-water produces clouds of bluish 
light. There seems but little doubt that this is defensive in nature, 
and acts in much the same manner as the “ink” of the cuttle-fish. 
Some of these prawns are provided with enormous eyes, others with 
only rudimentary ones, and some with none at all. Alcock also men- 
tions a large spider-crab, which, although completely blind, “ shone 
like a star.’ Here we may readily conceive the light is alluring in 
function, serving to attract the creatures on which the crab feeds. 

Among the insects we find the most widely known cases of photo- 
genicity, and probably, also, the greatest field of usefulness. With the 
true fireflies, the Lampyride, the evidence that has been collected tends 
to show that the possession of the photogenic function is primarily 
a secondary sexual character. It has long been known that if the fe- 
male of the European glowworm (Lampyris noctiluca) were exposed 
by night, a male would shortly come to it. The use of the photogenic 
function as a secondary sexual character has also been shown for the 
Italian luciola, and for certain of the fireflies common in the eastern 
United States (e. g., Photinus pyralis), and tt appears probable that 
the same thing applies to the entire family. Curiously enough, the 
true “lightning bugs” show but little tendency to come to ordinary 
lights, though in Phetinus pyralis either sex will respond to a small 
electric bulb operated m initation of the light of the opposite sex.? 

Among the Pyrophores, the Elaterid fireflies of the tropics, such as 
the cuenyo of Cuba, the luminosity very probably plays the same réle 
as in the Lampyrids. These insects give a light which is continuous, 
though of varying mtensity, instead of a flashing light as is emitted by 


* McDermott, Canad. Entomol., 1911 (in press). 
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the Lampyrids generally, and it is of interest to note that they may be 
attracted by an ordinary light. 

To be sure, a great many insects which are not luminous themselves 
are attracted to hght, and there is some evidence that this is some- 
thing which the insects themselves ean not help. The phenomenon of 
attraction to light among luminous insects, however, must be regarded 
as of particular interest, and as being most probably voluntary. 

That the photogenie function in insects may also be protective or 
warning in significance may scarcely be doubted. The Lampyride, as a 
group, are soft, easily erushed insects, slow of motion, and often, in the 
females, apterous, or of but slow and labored flight. It has indeed 
been observed that the flash of these insects has a tendeney to diseour- 
age pursuers, perhaps frightening them in some eases, but probably 
more often warning them that the light-bearer is inedible. The elaters 
are better protected by their hard, external chitin, than the soft-hodied 
Lampyrids, and hence it is unlikely that their luminosity has much 
protective purpose. So far as its possible use as a lure for prey is con- 
cerned, this is out of the question for the elaters, and also for many 
of the adult winged forms of the Lampyrids; the larvee and probably 
some of the Jarviform females of Lampyrids, however, are carnivorous, 
and in them it is possible, though hardly probable, that the alluring 
significance for the photogenic function may hold good. 

A few species of myriapods are known to be luminous; perhaps 
more species than are now known to possess this function actually 
possess it for short periods during the year, probably during the height 
of the mating season. In some myriapods, the luminosity seems to be 
developed in a seeretion which is ejected from pre-anal glands, while 
in others it is located in organs on the body of the creature, as in the 
insects. Mrs. Thomas has shown the almost undoubted defensive 
character of the first class of luminosity in myriapods, while the obser- 
vations of Bruner suggest rather the sexual significance in the second 
class. 

Among the Cephalopods we find a very peculiar class of luminous 
organs, occurring immediately upon or just beside the eveball, whieh in 
these creatures is often relatively enormous. Here the significance of 
the luminosity seems to be interpreted by the situation of the organs 
as an adjunct to the function of sight, and such it very probably is. 
But very similar organs are found on various other portions of the 
body and in situations where they can not very greatly aid in vision, or 
illuminate the creature’s path through the water. Much the same thing 
is true of some fish, which possess one or more large photogenic organs 
situated near the eye, and rows of smaller organs along the sides or 
abdomen; here the organs near the eye are naturally considered as an 
aid to vision, while the others can not possibly be so considered. In 
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both fish and cuttlefish the explanation of these body-organs is prob- 
ably the same. In the depths of the sea colors are practically mmdis- 
tinguishable. The dim light of the stationary photogenic forms there 
would be insufficient to differentiate colors. But in the more than semi- 
darkness of these depths, a creature with a row of Iuminons dots along 
its sides would show up like an electric sign in a dark street. The ar- 
rangement of the light-giving spots could very easily be followed, even 
fer considerable distances through the water. It is probable, therefore, 
that these rows of photogenic organs on the bodies of these creatures 
serve the purpose of plumage and pigmentation on land, a welcome for 
friend and a warning for foe. No doubt one species of fish, seeing a 
Inminons streak some distance away through the water, could readily 
tell whether its pattern of light—its “ electric sign ”“—spelled the same 
as those upon its own body, or the legend of a foe. Many of the fish 
that possess these rows of liminons organs, while insignificant in size, 
are obviously raptatorial, and are armed with vicious teeth. 

Of course another expression of the luminosity of deep-sea as well 
as surface fish is that it is alluring. his is especially true in those 
species which are provided with luminous barbels, or baits, like those of 
the angler-fishes. Alcock mentions a blind angler-fish with a luminous 
barbel, in wlieh the alluring significance is scarcely to be doubted. 

An objection which seems to have been urged against the “ pattern ” 
theory of photogenicity in marine forms is that different specimens of 
the same species occasionally show variations in the number and dis- 
tribution of their lights. It seems probable, however, that the reason 
for this variation may be the age of the specimens of the fish in ques- 
tion, the number or position of the spots varying with age. Almost any 
of the varions books and papers on the deep-sea fish will illustrate the 
effect of this “ pattern ~ arrangement as seen, for example, in Cyclo- 
thone and Astronesthes, 

Still another type of organ of light-production among fishes is illus- 
trated in Car] Chun’s book * Aus den Tiefen des Weltmeeres ”; in this 
case the luminons apparatus is set m a pit in the foremost part of the 
head, before the eves. Here there can be little doubt, again, that the 
usefulness to the animal consists in the illumination of the “ road 
ahead, as the searchlight does for the antomobile. 

A large number of other forms might be mentioned, which emit 
light in more or less characteristic ways, but what has gone before will 
serve to illustrate the majority of the points in interest. Some consid- 
erations as to the phenomenon in the fireflies may, however, be of in- 
terest, especially as deductions therefrom will doubtless hold true for 
many other luminous forms also. 

Tt has been observed that the various species of fireflies (Lampyrids) 
emit lights of slightly differmg tone, and in decidedly different man- 
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ners. For instance, the observer would soon notice that the lights of 
Photinus pyralis and Photinus scintillans were decidedly more yellow- 
ish than those of Photuris pennsylvanica and Lecontea lucifera, and 
that the latter were distinetly greenish in tone. A little further ob- 
servation would soon enable one to distinguish these two latter insects 
from the two former ones also through the different method of hght- 
emission: the flickering flashes usually given by Photuris and Lecontea 
differing markedly from the long flash of the Photini. Thus it he- 
comes prohable that different species can reeognize their own kind 
thronel the eolor and manner of emission of the Nght. 

Another interesting circumstance is that the majority of Lam- 
pyrids have their luminous apparatus on the ventral side, the greater 
part of the light being directed downwards and sideways, and but very 
little passing upward. 'The effect of this ventral arrangement so far 
as the sexes is coneerned is that a female resting on a leaf or on the 
ground iluminates by her flash a considerable portion of the support- 
ing surface, and a male flying above her would see not merely a flash, 
but a silhouette of his mate against an illuminated backgronnd. The 
green color of the light would, of course, be of special advantage on 
foliage. Moreover, the flash of the flying male would illuminate most 
particularly an area immediately below him and ahead of him, as these 
insects fly with the body inelined, the head being Iighest. In species 
where the male is non-luminous, or but slightly so, this last service 
does not exist, while in those like Photuris, where both sexes are about 
equally active, the manner of applying the luminous property may he 
entirely different; it is perhaps significant in this latter group, that 
the light is easily visible from the dorsal side between the elytra, The 
cucuyo (Pyrophorus noctilucus) in which both sexes are equally active, 
have lights both ahove and below. 

We have been considering the purpose of biophotogenicity so far as 
its appheation to the creatures possessing the function is coneerned, 
and to a more limited extent, to their enemies. A few words inay well 
he given regarding its relation to man. The use of the eueuyos as 
decorations and as night-lamps in the tropieal countries is quite well 
known, and a number of instances have been recorded where travelers 
have owed their safe passage and even their lives to the Hight given by a 
collection of these Elaterid jectles. Several naturalists have written 
and read by the light of vessels filled with Noctiluca and other sea-or- 
ganisms, and Chun has photographed a Cephalopod by means of its 
own heht. The luminous baeteria have been put to a number of uses, 
mainly in the laboratory: flasks coated on the interior with fresh enl- 
tures of some of these organisins give heht which appears ef considerable 
Mitensity when the eve becomes acenstomed to it, and Dubois and Molitsch 
have taken quite a number of photographs by baeterial light. It has. 
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been suggested that © living lamps” made from these baeteria could 
be used to advantage in coal mines and powder magazines, since as they 
ent no appreciable heat, they would be absolutely without danger of 
producing an explosion. They would certainly furnish a nice cool light 
for use in summer: the author would very much like to have one here 
m his httle study now, m place of the Welsbaeh which is engaged in 
turning some 98 per cent. of its expended energy into heat instead of 
light, after a day that has shown 90° F, Tlowever, such lamps would 
probably not do for anything lke general i!lumination, even if the in- 
tensity were great enough, for in their light any color effeets beyond a 
very limited range would be impossible. Color considerations would 
not be a eonsiderable factor in mines and mills, however, so this does 
not interfere with this application. 

It is more reasonable, however, to consider that these lminous 
forms merely point to what is possible in the way of efficient light—to 
serve as the goal to which all effort in the improvement of light-effi- 
cieney must strive. This must be the ideal—light without heat. 
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THE WATER RELATIONS OF DESERT PLANTS 
By Dr. D. T. MacDOUGAL 


DESERT BOTANICAL LABORATORY, TUCSON, ARIZ. 


ILE working as a student in the laboratory of Professor O. P. 
Jenkins at DePauw University twenty-three years ago, a type- 
written schedule of experiments in plant physiology by Professor J. C. 
Arthur was placed in my hands as a guide in some practical work that 
was to extend throughout the collegiate year. The program in question 
probably constituted the first attempt of its kind in an American school, 
and its series of demonstrations may be taken to represent with fair 
accuracy the concepts and assumptions which might be safely presented 
to a student at that time. 

Sachs and his students had made contributions of immense im- 
portance in growth, organogeny, irritability and tropisms in general, 
but the first serious efforts at analysis of the physical phenomena under- 
ving the action of organisms may be assigned to Pfeffer and DeVries. 
Pfeffer established the principles of osmosis by a study of the behavior 
of erystalloidal substances toward membranes, the results of which 
were published in 1877, and in the same year DeVries brought out his 
contributions on turgidity. To the latter we owe the first systematic 
analysis of turgor, and of the mechanism by which the rigidity and 
firmness of soft-bodied organisms are maintained and by which move- 
ments are executed. The plasmolytic method for the detection of the 
differential action of substances and membranes, and the establish- 
ment of the principle of isotonic coefficients were also the work of 
DeVries. Both of these authors were intent on finding the solution of 
problems in plant physiology, in which they were notably successful, 
but their results form the basis of the dissociation theory of Arrhenius, 
and theory of pressure in solutions of van’t Hoff, which together may be 
regarded as the basis of modern physics and chemistry. 

It seems highly characteristic of research in plant physiology that 
devotion to many of its problems may lead the student far afield from 
hotany, or the stricter domain of biology. The worker in this subject 
frequently finds it necessary to build cantilever bridges across chasms 
which yawn in front of him to find that the farther ends of his spans 
comes down to the solid ground of chemistry, physics, climatology or 
ecology. At present, however, he has come upon rifts which he can 
not eross without aid from the farther side. 
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The conclusions of DeVries and Pfeffer, impressive as to their in- 
clusiveness and with some of their applications ranging far ahead of 
the science of the time-yielded methods of practical calibration of a large 
number of biological processes and set physiology in the way of be- 
coming an exact science. The water-relations of the organism have al- 
ways stood out as a subject of great importance, and as the main as- 
pects are presented with less complication in plants, where the essential 
features are not complicated by a circulatory system, it has naturally 
followed that the principal contributions have heen made by workers 
who attacked the problems involved from a botanical point of view. 

Osmotic action, being earliest and best known, has had thrown upon 
it the entire burden of the explanation of the water-relations, and all 
of the mechanical action of the organism which might in any manner 
be attributed to pressures originating by the action of electrolytes. 
One contemplates departures from it, as set out in text-books, with re- 
egret; but some very substantial modifications of our conceptions with 
regard to these matters are long overdue. 

The simpler phenomena of swelling and of changes of form due to 
the imbibition action of wood, starch and other material in a colloidal 
condition found place even in my preliminary directions for work: it 
was well recognized, however, that secretion, excretion and the accumu- 
lation of water anywhere in an organism were not fully comprehensible 
on the theory of osmotic action, and I can still recall that while trying 
out the simple tests in plant physiology which had been outlined for me, 
and which were calculated to give an encouraging sense of sufficiency 
te the student, the professor of hiology was leading us into a considera- 
tion of the action of the epithehal cells and of other tissues which pre- 
sented many features not explainable by osmosis. Tfowever much this 
inadequacy may have impressed inv teacher, candor compels me to say 
that it did not bear too poignantly upon me. and T was willing to leave 
these as well as many other troublesome things to such all-embracing 
eauses as “specia} physiological action” or any other convenient bogie, 
as being entirely too mysterious for a beginner. 

Osmosis has indeed brought us far, and the briefest review will 
demonstrate the tremendous strides that have been made by its appli- 
cation. Our conceptions of turgidity and of processes which depend 
directly upon cell-pressures are so well-established as to be subject to 
but slight possible modification. It is not so, however, with many other 
phases of the physiology of the cell. The greater mass of an organism 
is colloidal, complex as to constitution, diverse as to reaction to acids, 
alkalies and electrolytes in general. and lastly having highly specifie 
inter-actions among its constituents. It is bodies or masses of this 
kind that are to be dealt with when considering the action and morphol- 
ogy of the chromosome, chlorophyll bodies and cell-organs in general, 
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as well as the nature and action of the membranes of the living organ- 
ism ‘The opmion is hazarded that further advanees in cell-mechanics 
will await some more definite physical knowledge of the colloidal bodies 
whose evolutions and involutions are the center of the morphological 
interest in cytology. A systeinatization of the water-relations of these 
hodies. and of the changed qualities resulting from contact and action 
of other eell-constituents is demanded: determination of chemical 
strneture is of ultimate importance, but not so immediately necessary 
to the physiologist, who would now weleome a return from the chemist 
and plivsieist of the service rendered them earher by botanists. 

The water-relations, now as earlier, hold the center of the stage in 
physiology, especially in plants. In a final analysis it might be truly 
said that it is to the immanenee of this subject that the establishment 
of the Desert Laboratory is due. It may be profitable to discuss some 
of the problems which present themselves to those of us whose activities 
center at that stitution, and to take a glanee at the hving materia! 
which has developed under water-conditions quite unlike those of this 
and other regions with a moist elimate. TI am confident that I speak 
with the conenrrence of my colleagues when IT say that whatever results 
of importance we may have accomplished must be attributed largely to 
the living plants available for our work and the environmental eondi- 
tions which furmsh a baekground for our experimentation. 

If organic response to environic factors is to be taken as a potent 
means to evolution some striking features might be expected im the 
southwestern deserts; and when one looks up and down the slopes of 
Tumamoe hill, or across the washes to the bajadas of the Tueson moun- 
tains, types of vegetation not scen in regions with more moisture are 
seen everywhere. Furthermore, it needs only a brief aequaintanee with 
the desert to know that the animals which find food and shelter in this 
vegetation show structures and habits equally pronouneed. 

Two general types of plants may be seen away from the streaim- 
Ways: one comprises species of annuals and perennials with retarded 
stems, branches reduced to spines, small, narrow, hardened and water- 
proofed leaves, which send their roots to only a moderate depth m the 
soil occupying a kettle-shaped mass, being of the generalized type of 
Cannon, It inay be explained at this point that the moisture of desert 
soils available to plants is in the more superficial layers which are 
wetted by the rains. The spinose plants now under diseussion contain 
a very sinall proportion of water: their bodies are hard, with a minimum 
of development of cortex or pith, and they hold only a small amount of 
sap in the protoplasts or suspension eolloids of the cells. This juiee, 
however, is characterized by the faet that it generally contains a very 
large proportion of salts or compounds which exert osmotie pressure. 
The state of the cells may be determined by the use of plasmolytie meth- 
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ods in which the strength of a solution, such as cane sugar or potassium 
nitrate, which will balanee the solution in the cell is measured, or by ex- 
tracting a certain measured amount of living material which has been 
crushed with distilled water and after the freezing point of this ex- 
tract has been found the original pressure may be calculated. The 
simpler process of squeezing out sap and testing its freezing point can 
not be used in a large munber of instances since the highest pressures 
that can be applied fail to bring out the scanty sap from some specics. 
The use of such methods at the Desert Laboratory demonstrates that 
the leaves of the creosote bush (Corillea, or Larrea) (Fig. 1) may have 


Wie. 1. Covillea (Larrea), THE CREOSOTE BUSI, THE MOST WIDELY DISTRIBUTED 
SHRUB WITH RESTRICTED SURFACES IN AMERICAN DESERTS. The leaves show osmotic 


pressures equivalent to over 75 atmospheres. 

osmotice pressures of 75 atinospheres. the upper parts of the stems 35 to 
60 atmospheres, and the basa] portions of the stems 35 to 50 atmos- 
pheres. Fitting, by the use of plasinolytie methods on plants in the 
Algerian deserts at Biskra, found pressures im leaves of plants of this 
type of over a hundred atmospheres. These pressures would support a 
column of water 250 to 300 feet high. 

It is notable that plants of this type are constantly in absorbent con- 
tact with the soil, and apparently continue to derive some water from 
it even in the driest times, as evinced by the fact that they wilt quickly 
when taken up. Such forms are very difficult to transplant. A misap- 
prehension as to the influence of concentration of sap upon transpira- 


544 THE POPULAR SCIENCE MONTHLY * 


tion has long been current, and I must plead guilty to some participa- 
tion in statements tending to perpetuate the mistake. It may be easily 
found, however, that even the maximum pressures noted above would not 
retard transpiration as much as ten per cent. from that which would 
take place with a sap of distilled water. One of my reviewers has re- 
cently made a variation of this mistake in suggesting that acidity would 
have a retarding effect on water loss. No foundation exists for such a 
supposition. 

Almost any ordinary branching plant with broad leaves will, if 
forced to carry out its development under arid conditions, show some of 
the features of the type of desert plants described, and it is customary to 
assume that the causal conditions responsible for such forms are the 
desert factors: that we have here a direct adaptation or environic re- 
sponse which has become heritable in the strictest and fullest sense. 
‘This is a matter that deserves the fullest consideration. Meanwhile it 
will be perfectly safe to assume that such spinose forms represent the 
simplest or most elementary specializations of desert plants, and species 
with the most diverse morphological constitution may show alterations 
of this character. ‘The sclerophylls of the American desert include 
species of Prosopis, Acacia, Calliandra, Parhinsonia, Cercidium, Olneya 
of the leguminons plants, Covillea and Zizyphus of the Zygophyllacee, 
Fouqueria, Lycium, HKoechberlinia, Condala, Manzanita, Franseria, 
Jatropha, Sapindus, Vauquelinia, Quercus, Aster and others. 

Southwestern America has been arid for an extremely long period, 
not uniformly so, however. ‘The researches of Professor Ellsworth 
Huntington, in which evidence has been obtained from ruins of struct- 
ures built by man, of geological terraces, lake beds, strands and drainage 
lines in Central Asia, Palestine, and America, and also by the examina- 
tion of the structure of the big trees of California, seem to justify the 
conclusion that variations in climate with regard to temperature and 
moisture have taken place within the last two thousand years that would 
be of profonnd biological importance. It seems fair to assume that 
similar oscillations, each movement of which might extend over a few 
hundred years, have taken place previously. 

Jt is under these conditions therefore that we are to think of the 
evolution of the desert vegetation of the southwest, and present knowl- 
edge compels us to believe that much of it originated somewhere within 
the limits of the region which is arid at the present time. Perhaps 
the most important constitutents of this indigenous specialized flora 
are the cacti, which must have originated somewhere in the Mexican 
highlands in the Tertiary or later. This group is known to contain 
over a thousand species, and now extends through South America, its 
distribution offering some most highly localized occurrences of species. 
~o rapid has been its evolution, and so wide the amplitude of its depait- 
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ures from the prototypes, that the relationship of the group is very 
difficult to determine. 

Chief interest in the present connection lies in the fact that in the 
evolutionary movement the members of the group have undergone all of 
the specializations of the spinose forms in addition to a number of 
others of even more sweeping morphological importance. Stems have 
been reduced and branching restricted: leaves are retained by some; in 
others, such as the prickly pears, they appear only as rudiments drop- 
ping off before maturity, while in others, such as the great melon cacti 
and the sahuaro, they are not visibly represented at all. So far does the 
general reduction go in the Hchinocacti or melon cacti that the adult 
plant consists of a short stem, a few inches, or at most less than two 
yards high, unbranched, and bearing only two types of spines which 
may be taken to represent the rudiments of atrophied organs, or special- 
ized organs, largely according to the morphological prejudices of the 
observer. These plants represent the climax of specialization to desert 
conditions and the end result of the influence of aridity on the develop- 
ment of land vegetation. 

In these succulents which constitute the highest group of desert 
plants, the cortex and medulla of the stems are exaggerated to an 
enormous extent and the greater bulk of the plant consists of a paren- 
chymatous tissue with mucilaginous cell-contents, which gives to the 


Fie. 2.) A Grovur or Echinocacti and Ibervillea, ISOLATED FOR DETERMINATION OF 
THE RATE oF Water Loss. Succulents of this type have osmotic pressures of less 
than 12 atmospheres and absorb water only from soils containing large proportions of 
moisture. Some of these individuals have been without an external supply for thirty- 
eight months. 
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plant the physical qualities of a huge roll of jelly. The comparison 
may be made more inclusive, however. Ax the spmose plants have a 
sap high in electrolytes, nuneral salts, or of substances showing osmotic 
activity, so these plants are rich in suspension colloids, and simulate a 
mass of gelatine capable of taking in and holding great quantities of 
water. ‘The most sketchy knowledge of the colloids prepares one to 
learn that the sap of these planis shows a very low osmotic pressure 
vader ordinary conditions of growth. The melon cacti of Arizona have 
a drinkable sap which shows but 3 to 45 atmospheres of pressure, the 


Mig, 3. AN INvERTED Hehitocectus ABSORBING WATER THROUGH A CLAY CUP 
IMBEDPED IN THE Basan Portion, > 
ereat iree cactus with its mucilaginous juice varies from 7 to 10 atmos- 
pheres and the opuntias (evlindrical) as high as 10 to 12 atmospheres 
(Fig. 2.) These values are to be contrasted with those given above for 
the spinose forms, which are seven to thirty times as great and with such 
ordinary broad-leaved shrubs as the lilac, im which pressures from 20 
to 380 atinospheres are the rule. 

These purely physical features of the succulents are correlated with 
habits and modes of activity widely different from those of the spinose 
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forms. ‘The latter penetrate the soil more deeply and are in constant 
absorbent contaet with the soil. The suceulents of southwestern 
deserts, without exception, have a wide-spreading root-system horizon- 
tally disposed immediately under the surface of the soil m a layer which 
is wetted by even a slight precipitation. An increase in moisture is the 
stimulus which starts the development of myriads of small absorbent 
rootlets and these have an absorbent capacity which results in the pas- 
sage of a very large amount of water into the body of the jelly-like plant 
within a very brief period. (Fig. 3.) 

As the rains come to an end the soil moisture soon dries to a limit 
in which the absorbent elements of the cacti may not act, these die and 
the plant stands or sits inert, anehored by the heavier roots in a soil 
with which it bears almost no important physiological relations until 
the coming of the next rainy season. It was to determine some of the 
features of the behavior of these plants during periods of extended 
deprivation of water that my own observations on the water-balance 
were begun in 1908 and are still being continued. 

It is pertinent to say at this point that the halophytes, fleshy plants 
of seashores and saline areas, are not succulents in the present meaning 
of the term. These forms contain a large proportion of water, but it is 
held at high pressures (Cahile as high as 50 atmospheres, according to 
Lloyd), their transpiration rate corresponds with the proportion of 
water which they contain and water loss is consequently rapid, and as a 
further consequence they wilt quickly. An interesting eapacity to vary 
the pressnre of the sap in the absorbing organs has been fonnd by Eng- 
lish botanists. 

The transpiration or loss of water from leaves or green orgaus of a 
plant may be roughly compared to the drying out and shrinkage of 
drops of wet gelatine: but with the modifieation that eomes from the 
enclosure of the gelatine in small capsules arranged inside a chamber 
whose bounding walls are fairly water-proof, but which have ventilat- 
ing openings, hundreds of them to the sqnare millimeter. It would be 
as if a room were piled full of parchment bags distended with thin 
mucilage; the walls of the bags would undoubtedly be wet and water 
vapor would be constantly given off into the air-spaeces at a rate verv 
little affeeted by the composition of the water with which the mucilage 
is moistened. Furthermore, if the windows were open, the water vapor 
would be carried out and the total amount remaining lessened econ- 
stantly. , 

The accentnated conditions at the Desert Laboratory have been 
favorable for the observation of a phase of transpiration which has been 
noted there for the first time. The transpiration of a leaf increases 
with the rising sun in the morning and the rate is accelerated until 
sometime in the forenoon, when, with all of the atmospheric factors at 
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an intensity that would facilitate water loss, the rate suddenly drops, 
with the stomata still open. The theoretical explanation offered for 
this break by Professor Livingston would assume that the outer walls 
of the jelly-like cells are coated with a film of water from which evapo- 
ration takes place and which is constantly supplied from the cell. 
When the evaporating power of the air causes a loss in excess of the rate 
at which the film may be renewed from the cell, the film breaks, and 
evaporation now may take place from the interstices of the walls only. 
If the wall of the cell were supposed to be of brick laid in mortar and 
coated with plaster, the plaster would correspond to the film and the 
mortar between the bricks to the water from which evaporation could 
take place after this “incipient drying,” as it has been termed, has 
taken place. 

Excessive water loss may proceed with or without the breaking of 
the film to a point where the turgidity or pressure of the cells is lessened, 
with the result that the leaf wilts. The wilting point is not a constant,. 
but is mainly the product of the retentivity of the soil and of the evapo- 
rating power of the air, both of which may vary widely. The evaporat- 
ing action of the air may be calibrated exactly at any time, and it is 
proposed by Professor Livingston that the standard of wilting point 
for a test species might be one of the most valuable expressions of the 
agricultural value of a soil. 

The action of stomata inevitably comes up in any consideration of 
transpiration: the beautifully regular structure of these organs, and 
their delicate action, have led to some extremely fanciful interpretations. 
of their self-regulatory mechanism. Time suffices only to say that the 
condition of the stomatal openings concerns not only transpiration but 
also photosynthesis and respiration, and any scheme of automatism for 
action in response to any one of these processes would at times be highly 
detrimental to the other functions. Of recent contributions to the 
physiology of these organs, Lloyd’s consideration of the manner in 
which carbohydrates are drawn into the guard cells and are concerned 
in the making or loss of turgidity, and also his method of determination 
of the actnal state of the stomata on a leaf at any moment by instanta- 
neons fixation of a strip of detached epidermis must be reckoned to be: 
ef great importance. Frances Darwin has recently devised a poro- 
meter which measures the rate at which air may be pulled through a 
leaf from one surface to the other, thus obtaining a basis for the caleula- 
tion of the average condition of the stomatal openings. Such refine- 
ment of methods and perfection of apparatus will permit a much more 
accurate calibration of leaf action than has been possible hitherto. 

The enormous accumulations of water in the bodies of cacti and 
other succulents raise questions as to the part such liquid may play in 
the life of the plant and some observations to test the matter were begun 
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in 1908. An afternoon in October, 1909, was spent in felling and 
cutting up a tree cactus (Carnegica or Cerus giganteus), near the Desert 
Laboratory, which consisted of a single cylindrical trunk 18 feet in 
height. The total weight was nearly a ton, and a section was found to 
contain over 91 per cent. of water, showing that the entire plant held 
over seventeen hundred pounds of water, or about five barrels. 

It has previously been pointed out that during the dry season these 
plants sustain only an anchorage relation with the soil, and that absorp- 
tion ceases wholly. The experiments were therefore planned to detach 
a number of individuals of the sahuaro (Carnegiea), the melon cactus 
(Echinocactus), ‘and various opuntias from the soil, place them on 
suitable supports in the aceustomed upright position and thus simply 
lengthen the dry seasons to which they had been subject. Accidents in 
nature tear many individuals loose from the soil and they may not be 
able to perfect a new root-system for many months, so that the observa- 
tions closely simulated happenings in the history of the species involved. 
Some of the test plants were placed in the open air, some in the more 
equable conditions of a well lighted laboratory room, a few were kept for 
periods of a few months in constant temperature dark room, and others 
were exposed to the full blaze of the Arizona sunlight, standing on a base 
of black volcanic rock, thereby avoiding none of the desiccating effects 
of the climate. 

The formidable armature of the bulky bodies of these plants made 
their manipulation a matter of some difficulty and discomfort even 
with the best supports and harness that could be devised. The larger 
ones were placed on platform scales, where they were allowed to remain 
undisturbed. The majority, however, were mounted and two or three 
men were necessary to handle them in the weighings which were made 
at intervals correlated with the season and the rate of loss. 

All individuals showed a high rate of loss when first taken from the 
soil, the excess being attributed to the evaporation from abraded sur- 
faces of the roots and stems. Next it was found, of course, that the rate 
of loss was least during the cooler season, at which time an Echinocactus 
might lose as little as one forty-thousandth of its weight in a day, and 
on the other hand during many days in the hot dry season the daily loss 
was one three-hundredth of its total weight. The minimum of the tree 
cactus was one nine-thousandth of its total and the maximum was about 
that of the Hchinocactus, although not measured under equivalent con- 
ditions. 

Chief interest in the rate of loss, however, centers about the behavior 
of these plants from season to season, especially when the amount of 
water on hand was taken into account. In work of this kind it is found 
convenient to use a standard of succulency which calculates the number 
of c.c. of water to 100 sq. cm. of surface. Thus a great melon cactus 
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weighing nearly a hnndred pounds had a succulence of 3 on the scale 
noted, in which condition it transpired water at the rate of 10 g. daily. 
A year later the succulence had fallen but shghtly, being 2.8; the rate of 
transpiration, however, had decreased fo one half, being now but 5 g¢. 
daily. 

The theoretical explanation of the sudden drop in daily transpira- 
tion given above will not sutlice for this case which is a comparison of 
suecessive seasons. The slowness of the rate of loss would allow ample 
time for the diffusion from the great water-balance of the plant to take 
up a deficiency at any given surface. Morphological alterations are not 
found, and the theoretical explanation that presents itself would be that 
the colloidal condition of the walls, or inner membranes had been 
altered. The altered concentration of the cell-sap with its tncluded 
acids and other substances might well be responsible for a change similar 
to that which takes place on the surface of a plate of jelly when acted 
upon by various reagents. A second phase of interest in the acids of the 
sap was found in their daily variations. Earlier the determinations 
of the acidity of the sap were made rather at random, with the general 
result that it was seen to be not affected by progressive desiccation. 
Within the last few months, however, Professor Hl. M. Richards has gone 
into this matter more exactly, with the astonishing discovery that the 
acidity of these plants is very great in the morning and decreases steadily 
throughout the day until evening, when it begins to rise and continues 
to increase until morning. So great is the amplitnde of this change 
that a eactus may contain four times as much acid in the morning as at 
sunset. It is needless to say that the problem as to the making and fate 
of this acid is a matter that excites the keenest interest in connection 
with the respiration and food-construction processes in the plant. At 
present the change seems to be directly dependent on the course of the 
temperature. It is to he recalled that the water-holding power of the cell 
colloids must be notably affeeted by this variation in the acids of the 
cell, 

The probability of the absorption of water vapor from the air by 
plants of the desert is one of perenmial interest, especially to those who 
take a sentimental view of desert life. The spines of cacti, especially 
the large enrved and hooked ones of the Mchinocacti, will take up water 
vapor, as has been demonstrated more than onee in my work, but the 
very small amount of moisture thus acquired is not available to the 
living cells and is quickly lost when the plants are exposed to direct 
sunhght. The bark of the oeotillo (Fougiuiera) will absorb liquid water 
and yield it to growing tissues, as has been found hy Lloyd, the hairs of 
some south African succulents have been found to absorb moisture, and 
the fleshy beach plants will absorb either water vapor or liqnid water 
through the leaves, especially when in a desiceated condition. Doubtless 
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the heavy fogs of the California coast are in this way a souree of supply 
for Cakile and other halophytes. In none of these eases, however, is the 
existence of the plants eoucerned so dependent upon atmospheric ahsorp- 


Fic, 4. 
DEAD FOR OVER A YEAR, with three living branches, one of which bore flowers. 


A Sanvuaro (Carnegica yiganted) OF WHICH THE MAIN STEM HAS BEEN 


tion as has been found by Professor Peirce for the lichens which thrive 
in the fog channels leading up the valleys and over the passes along the 
Pacific shore, 


Any study of this subject leads in the end to a consideration of the 
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value of the great water-balances deseribed in the life of the plant, and 
one naturally asks the question as to how long an individual might 
survive at the expense of its great accumulated supply, and what activity 
it may carry on while cut off from the customary supply of soil moisture. 
The replies to these queries vary widely with the species considered. 
The tree cactus may Hve a year or as long as two years in the open in 
Arizona upon its balance. Growth 
and reprodnetion are in the main 
inhibited, however, by any notable 
depletion. Sometimes. however, the 
death of the main trunk of a plant 
leaves a living branch held high in 
the air, and this may bloom, but 
this action must be due to the 
special stimulation of approaching 
death. (Fig. 4.) The melon 
cactus may survive one or two sea- 
sons in the open, although when 
given some shade individuals have 
heen seen to live three years, carry- 
ing on some apical growth and 
flower formation with the usual 
rhythm. The prickly pears sur- 
vive, grow and carry on reproduc- 
tion for even longer periods. 

So far as physiological useful- 
ness is concerned, stores of water 
accumulated in tubers, bulbs or 
thickened underground organs are 
far more effective than thickened 
aerial stems or leaves in holding a 
water-balance available to the plant 

Fig. 5. AN Inprvipuan or Ibervillea for extended periods.  J/bervtlea, 
cine nen as mmoncven SNES S30 the “ gnarequi” of Sonora, has 
repeated miuny seasons. thickened stem homologous with 

the “Big Root” of California, 
which is a relative. and it has been cited many times to illustrate cb- 
servations of an individual which is still alive although detached from 
a supply sinee 1902, and has not received any notable addition since 
Wot. (Fig. 5.) The corms of Brodiwa form new small corms during 
desiccation, which are plump with the diminished supply on hand, and 
this process continnes nnti] the balance reaches the vanishing point in 
three or four years. The observations of Professor Campbell show that 
plants with so little external appearance of water-storage as the liver- 
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worts may hold a balance in mucilage cells, a capacity shared by an ex- 
tremely large number of species. 

A review of the extensive data accumulated establishes the fact that 
Echinocactus may live for nearly three years at the expense of its 
water-balance, which may be depleted as much as 50 per cent. before 
death results. Carnegiea loses nearly 30 per cent. before serious results 
follow, although the extremely succulent seedlings of this plant may 
shrink to one third the original weight and still live. 

Plants with a large water-balance are especially characteristic of 
the arid regions of southwestern United States, Mexico, some parts of 
South America and South Africa. It is notable that the great deserts 
of central Asia and Asia Minor, as well as the whole of north Africa, 
have but few native species of this habit. Some succulent Huphorbias 
are reported from India, but information concerning the occurrence of 
plants with a large accumulation of water in Australia is very meager. 
The physical causes which might be operative in inducing this habit in 
representatives of widely separated families are not known. 
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BUFFON AND THE PROBLEM OF SPECIES 


By Proressor ARTHUR O. LOVEJOY 


THE JOHNS HOPKINS UNIVERSITY 


II 


7 E have thus far noted three generally disregarded but funda- 
mental faets concerning Buffon’s opinions about the nature of 
species. The first fact is that in his preliminary discourse in the first 
volume of the “Histoire Naturelle,” in which he sought to apply the 
Leibnitian prineiple of continuity to natural history, Buffon’s empha- 
sis upon the continuity of the gradations between species probably had 
no evolutionary implieations. The second fact is that the principal 
doctrine of this disconrse is to the effect that only individuals exist in 
nature, while species exist only by graee of the human imagination, 
which, aided by human ignorance, sees sharp lines of eleavage among 
organisms where no such lines are. The third fact is that this doctrine 
was already tacitly but decisively abandoned in Buffon’s second vol- 
ume, where he represents species as real and well-marked natural enti- 
ties, their limits being determined by the test of the sterility of the 
products of cross-breeding. There are, indeed, many later passagvs 
where the old phraseology incongruously recurs; but it recurs in con- 
texts in which the reality of speeies is expressly insisted upon. 

2. When the fourth volume of the “ Histoire Naturelle ”—the first 
dealing specifically with the lower animals—appeared in 1753, four 
years after the first three, Buffon’s departure from the notions set 
forth in the preliminary discourse beeame still more evident. He had 
by this time, in the first place, been greatly impressed by the homolo- 
gies in the structure of the vertebrates; he had come to see some signifi- 
canee in those facts of comparative anatomy which his own treatise— 
though more through the contributions of Daubenton than through his 
own—was for the first time setting in a clear light. The existence 
throughout at least all the immensely diverse vertebrate forms of an 
underlying unity of type, Buffon was, I suppose, the first to bring 
forcibly to the attention of naturalists and philosophers, as a fact call- 
ing for serious eonsideration and explanation. 


If we choose the body of some animal or even that of man himself to serve 
as a model with whieh to compare the bodies of other organized beings, we shall 


find that ... there exists a certain primitive and general design, which we can 
trace for a long way.... Even in the parts which contribute most to give variety 


to the external form of animals, there is a prodigious degree of resemblance, 
which irresistibly brings to our mind the idea of an original pattern after which 
al) animals scem to have been conceived. What, for example, ean at first seem 
more unlike man than the horse?) Yet when we compare man and horse point by 
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point and detail by detail, is not our wonder aroused rather by the resemblances 
than by the differences to be found between them? .. . It is but in the number 
of those bones which may be regarded as accessory, and in the lengthening or 
shortening or mode of attachment of the others, that the skeleton of the horse 
differs from that of the hnman body. ... The foot of the horse (as M. Daubenton 
has shown), in appearance so different from the hand of man, is nevertheless 
composed of the same bones, and we have at the extremities of our fingers the 
same small hoof-shaped bone which terminates the foot of that animal. Judge, 
then, whether this hidden resemblance is not more marvelous than any outward 
differences, whether this constancy to a single plan of structure—which we can 
follow from man to the quadrupeds, from the quadrupeds to the cetacea, from 
the ecetacea to birds, from birds to fishes, from fishes to reptiles—whether this 
does not seem to show that the Creator in making all these used but a single 
main idea, though varying it in every conceivable manner—so that man might 
adimire equally the magnificence of the execution and the simplicity of the design. 


But consideration of the anatomical homologies did not lead Buffon 
merely to pious reflections. He saw clearly and unequivocally declared 
that this unity of type forcibly suggests the hypothesis of community 
of descent. To one who considers only this class of facts, he wrote: 


Not only the ass and the horse, but also man, the apes, the quadrupeds, and 
all the animals, might be regarded as constituting but a single family. ... If 
it were admitted that the ass is of the family of the horse, and differs from the 
horse only because it has varied from the original form, one could equally well 
say that the ape is of the family of man, that he is a degenerate (dégénéré) 
man, that man and ape have a common origin; that, in fact, all the families, 
anong plants as well as animals, have come from a single stock; and that all 
animals are descended from a single animal, from which have sprung in the 
course of time, as a result of progress or of degeneration, all the other races of 
animals. For if it were once shown that we are justified in establishing these 
families; if it were granted that among animals and plants there has been (I do 
not say several species) but even a single one, which has been produced in the 
course of direct descent from another species; if, for example, it were true that 
the ass is but a degeneration from the horse—then there would no longer be any 
limit to the power of nature, and we should not be wrong in supposing that, with 
sufficient time, she has been able from a single being to derive all the other 
organized beings. 


Buffon thus presented the hypothesis of evolution with entire defi- 
niteness, and indicated the homological evidence in its favor. But did 
he himself regard that evidence as conclusive, and therefore accept the 
hypothesis? The passage cited is immediately followed by a repudia- 
tion, ostensibly on theological grounds, of the ideas which he has been 
so temptingly presenting. 

But no! It is certain from revelation that all animals have participated 


equally in the grace of direct creation, and that the first pair of every species 
issned full formed from the hands of the Creator.” 


This repudiation has been regarded as ironical, or as inserted 
merely pro forma, by those interpreters of Buffon who have made him 
out a thorough-going evolutionist. Unfortunately, nearly all these 

<< Hist, Nat.,’? IV., 1753, p. 383. 
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writers—dealing somewhat less than fairly with their readers—have 
failed to mention that his rejection of the evolutionary hypothesis was 
not put forth by him as resting eaclusively upon these religious con- 
siderations. If the words just quoted stood alone, it would, indeed, be 
scarcely possible to take them seriously. But they do not stand alone; 
they are directly followed by arguments of quite another order against 
the possibility of the descent of one real species from another; and the 
essence of the most emphasized of these arguments les in the Buffonian 
conception of the nature of species, already expounded in the second 
volume. Jn other words, the fact of the sterility of hybrids, and certain 
other purely factual considerations, were urged by Buffon as conclusive 
objections against the theory of descent. 

Specifically, his arguments against evolution are three: (1) Within 
recorded history no new true species (in his own sense of the term) 
have been known to appear. (2) There is one entirely definite and 
constant line of demarcation between species: it is that indicated by the 
infertility of hybrids. 

This is the most fixed point that we possess in natural history. No other 
resemblances or differences among living beings are so constant or so real or so 


certain. These, therefore, will constitute the only lines of division to be found 
in this work. 


But why, it may be asked, should the sterility of hybrids be a proof 
of the wholly separate descent of the two species engendering such 
hybrids? ‘This question Buffon does not neglect to answer. An “im- 
mense and perhaps an infinite number of combinations ” would need to 
be assumed before one could conceive that “two animals, male and fe- 
male, had not only so far departed from their original type as to be- 
long no longer to the same species—that is to say, to be no longer able 
to reproduce by mating with those animals which they formerly re- 
sembled—but had also both diverged to exactly the same degree, and 
to just that degree necessary to make it possible for them to produce 
only by mating with one another.” The logic of this is to me, I con- 
fess, a trifle obscure; but it is evident that Buffon conceived that the 
evolution from a given species of a new species infertile with the first 
could come about only through a highly improbable conjunction of cir- 
cumstances. (3) Buffon’s third reason for maintaining the fixity of 
species is the argument from the “ missing links.” 

If one species had been produced by another, if, for example, the ass species 
came from the horse, the result could have been brought about only slowly and 
by gradations. There would therefore be between the horse and the ass a large 
number of intermediate animals. Why, then, do we not to-day see the repre- 
sentatives, the descendants, of these mtermediate species? Why is it that only 
the two extremes remain? 

Taking these three arguments into aceount, then, Buffon arrives 
at this conclusion : 


Though it can not be demonstrated that the production of a species by 
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degeneration from another species is an impossibility for nature, the number of 
probabilities against it is so enormous that even on philosophical grounds one 
can scarcely have any doubt upon the point.” 

However plausibly Buffon’s incidental expressions of deference to 
the testimony of revelation may be regarded as perfunctory and insin- 
eere, it would be absurd to suppose that he was also ironical in these 
legitimate and ostensibly scientific (however poor) arguments for the 
fixity of species—arguments which are closely connected with that 
conception of the nature of species which was perhaps his most influ- 
ential personal contribution to the biological ideas of his time. We 
must conclude, then, that, while he clearly envisaged the hypothesis of 
evolution as early as 1753, and recognized that there was some probable 
evidence in its favor, he then seriously believed that the preponderance 
of probability was enormously against it. It is certain that contem- 
porary readers must have understood this to be his position. 

The same doctrine—that true species, as determined by the sterility 
of hybrids, are real natural entities and constant units amid the other- 
wise infinitely variable phenomena of organie natture—is repeated and 
emphasized many times in subsequent volumes of the “ Histoire Nat- 
urelle.” Thus in volume five (1755) Butfon—trying to retain as much 
of the principle of continuity as could be made consistent with his 
present view—writes as follows: 


Although animal species are all separated from one another by an interval 
which nature ean not overstep, some of them seem to approximate one another 
by so great a number of relations, that there remains between them only so 
much of a gap as is necessary to establish the line of separation.” 


In the same volume he insists upon the equal antiquity of all real 
species, in the very passage in which he emphasizes the possibility of a 
wide range of variation within the species: 


Though species were formed at the same time, yet the number of generations 
since the creation has been much greater in the short-lived than in the iong-lived 
species; hence variations, alterations, and departures from the original type, 
may be expected to have become far more perceptible in the case of animals 
which are so much farther removed from their original stock.* 


This is advanced as a partial explanation of the extreme diversity 
of breeds in the eanine species: the dog is a short-lived animal and has 
therefore been capable of a relatively great degree of diversification. 

A little later (in Vol. VI.,?4 1756) Buffon declares that “ nature 


* These, the most definite and decisive words on the subject to be found 
anywhere in Buffon’s writings, have been strangely disregarded by most of those 
who have discussed his attitude towards evolutionism. Samuel Butler can scarcely 
be acquitted of suppressing the passage, fatal to his theory. For he quotes in 
full the opening part of the passage, leaving off abruptly at the point where 
Buffon begins to introduce his serious objections to the theory of descent. 
Cf. ‘‘ Evolution Old and New,’’ p. 91. 
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imprints upon every species its inalterable characters.” In 1765—that 
is, at precisely the period during which we are told that Buffon “ was 
expressing very radical views on the mutability of species *”—we find him 
(in his “ Second View of Nature,” Vol. XIII.) giving his most extreme 
expression to the doctrine of the reality and constancy of genuine 
species. Here the language of the preliminary discourse concerning 
the relative significance in nature of the species and the individual has 
come to be completely reversed. 


An individual, of whatever species it be, is nothing in the universe; a 
hundred, a thousand individuals are nothing. Species are the only entities of 
nature (les seuls étres de la nature)—perduriug entities, as ancient, as permanent, 
as nature herself. In order to understand them better, we shall no longer con- 
sider species as merely collections or series of similar individuals, but as a whole 
independent of number, independent of time; a whole always living, always the 
same; a whole which was counted as a single unit among the works of the crea- 
tion, and which consequently makes only a single unit in nature. ... Time itself 
relates only to individuals, to beings whose existence is fugitive; but since the 
existence of species is constant, it is their permanence that constitutes duration, 
the differences between them that constitute number. ... Let us then give to 
each species an equal right at nature’s table; they are all equally dear to her, 
since she has given to each the means of existing, and of enduring as long as 
she herself endures.” 


This sort of rhetoric is not the dialect of an evolutionist; it is almost 
that of a Platonist. And there is more in plainer language to the 
same effect: 

Each species of both animals and plants having been created, the first indi- 
viduals of each served as models for all of their descendants. ... The type of 


each species is cast in a mold of which the principal features are ineffaceable 
and forever permanent, while all the accessory touches vary.” 


Many years later still, in 1778, there appeared the sub-division of 
the “ Histoire Naturelle” which Buffon’s contemporaries regarded as 
his most brilliant and most significant work—the “ Epoques de la Na- 
ture.’ This was a resumption on a grander seale, and upon new prin- 
ciples, of the task attempted in the “ Theory of the Earth” in the first 
volume, thirty years before—an outline of planetary evolution. ‘To the 
diffusion of evolutionary ways of thinking in the larger and vaguer 
sense, this treatise was a contribution of capital importance. Into the 
details of Buffon’s geology I do not wish to enter in this paper. But st 
is worth while for our purpose to reeall one or two striking facts about 
the “ Epoques.” In it the writer, whom a recent German historian of 
biology has declared to have had a too little developed sense for the 
historical or genetic aspect of nature, attempted, in a far more compre- 
hensive, more definite and more impressive way than any of his prede- 
cessors, to write the history of the gradual development of our planet 
from the time when, an incandescent ball, it was separated from the 


2 Vol. ILE, sp. i 
7° Vol. XIII., pp. vil, ix. 
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sun. The task was, of course, undertaken prematurely; but Buffon 
not only made the need of its eventual achievement evident, but also 
indicated two of the essential means by which it was to be accom- 
plished: the study of present phenomena which can throw light upon 
the past processes through which existing conditions have been brought 
about; and the study of those natural “ monuments which we ought to 
regard as witnesses testifying to us concerning the earlier ages.” He 
insisted, moreover, with the utmost plainness upon (as it was then 
regarded) the extreme antiquity not only of the earth, but also of 
organic life. And in doing so he showed himself not at all disposed 
any longer to permit “revelation” to settle scientific questions. 
“ How,” he writes, “some one will ask me, do you reconcile this vast 
antiquity which you ascribe to matter with the sacred traditions, which 
give to the world only some six to eight thousand years? However 
strong be your proofs, however evident your facts, are not those re- 
ported in the holy book more certain still?” Buffon replies that he 
has all possible respect for scripture, but that it always pains him to 
see it used in this way. Doubtless there is no real conflict between its 
testimony and that of science; and he thereupon introduces what I 
suppose is the first of the long series of reconciliations of Genesis and 
geology. The six days were not really days, but long periods of time, 
and so forth. But in any case, he concludes, the Bible was originally 
addressed to ignorant men at an early stage of civilization, and was 
adapted to their needs and their intelligence. Its science was the 
science of the time, and ought not to be taken too literally. Finally, 
it is to be noted that in the “ Epoques” Buffon ceased to talk of the 
simultaneous creation of all species, and advanced the doctrine of the 
gradual appearance of different sorts of animals in conformity with 
geological conditions, 

lf, then, Buffon was desirous of inculeating the theory of the muta- 
bility of species, here was the place in which, above all others, he might 
be expected to do so fully and unequivocally. But here once more we 
find him reiterating the substance of his old doctrine: 


A comparison of these ancient monuments of the earliest age of living nature 
with her present products shows clearly that the constitutive form of each animal 
has remained the same and has undergone no alteration of its principal parts. 
The type of each species has not changed; the internal mold has kept its shape 
without variation. However long the succession of time may be conceived to 
have been, however numerous the generations that have come and gone, the indi- 
viduals of each kind (yenre) represent to-day the forms of those of the earliest 
ages—especially in the case of the larger species, whose characters are more 
invariable and whose nature is more fixed.” 


By the * larger species” here, Buffon means those of greater size, 
such as the elephant and hippopotamus; and when he says that these 
are “especially ” invariable, he means, as the whole context shows, not 


7<<TTist. Nat.,’?’ Supp., V., p. 27. 
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that any other species ever departs from its specific type, but that in 
these larger creatures even the “accessory touches” have been com- 
paratively little altered. 

Thus, in a long series of passages, from 1753 on, we find Buffon 
reiterating with explicitness and emphasis the same teaching, which 
has, for him, its principal bases in two of his most cherished concep- 
tions: namely, in his conviction that the sterility of hybrids shows that 
species are real “entities of nature”; and in his embryological theory 
of “organic molecules” and of the “internal mold” which “ casts 
into its own shape those substances upon which it feeds” and “ can 
operate in the individual only in accordance with the form of each 
species.” One of the first of modern naturalists to make the idea of 
organic evolution familiar to his contemporaries and to discuss it 
seriously, Buffon repeatedly rejected that theory, at all periods of his 
career; and he did so, not from timidity merely nor from an affectation 
of deference to scriptural authority, but upon reasoned grounds which 
he plainly stated and had every appearance of presenting as conclusive. 
Yet it is also undeniable, as will presently be seen, that he did not 
maintain this negative position without occasional waverings and 
doubts and at least one clear, though possibly inadvertent, self-contra- 
diction. 

3. In spite of his habitual emphasis upon the constancy of true spe- 
cies, Buffon insisted more than any of his predecessors, and more, per- 
haps, than any of his contemporaries, except Maupertuis and Diderot, 
upon the variability of organisms and the potency of the forces making 
for their modification. 

Though nature appears always the same, she passes nevertheless through a 
constant movement of successive variations, of sensible alterations; she lends 
herself to new combinations, to mutations of matter and form, so that to-day 
she is quite different from what she was at the beginning or even at later 
periods.* 

The passage is from one of Buffon’s later writings; but its close 
counterpart is to be found as early as 1756: 

If we consider each species in the different climates which it inhabits, we 
shall find perceptible varieties as regards size and form; they all derive an 
impress to a greater or less extent from the climate in which they live. These 
changes are wade slowly and imperceptibly. Nature’s great workman is Time. 
Ile marches ever with an even pace, and does nothing by leaps and bounds, but 
ly degrees, gradations and successions he does all things; and the changes which 


he works—at first imperceptible—become little by little perceptible, and show 
themselves eventually in results about which there can be no mistake.” 


Vor the most part these changes were clearly represented by Buffon 
as taking place only within the limits of species; they amounted merely 
to the formation of new “races” or varieties. Since his criterion of 

* Supp., V., 1778, p. 3. 

“Vol. VI., pp. 59-60, I have borrowed Butler’s excellent rendering of 
this passage. 
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identity of species (the possibility of interbreeding) did not essentially 
depend upon morphological similarity, he could with consistency sup- 
pose the descendants of a given pair to have departed to a very great 
(though not to an indefinite) degree, in the course of ages, from the 
form and external characters of their ancestors. It was, in other 
words, characteristic of his biological system that he set up an absolute 
distinction between species and varieties, gave an extreme extension to 
the notion of a variety, and sought to reduce the number of separate 
species as much as possible, by assuming—until the establishment of 
the sterility of the hybrids should prove the contrary—that most of the 
Linnean species were merely varieties descended from a relatively small 
number of original specific types. Near the close of his essay “ De la 
dégénération des animaux” (1766), Buffon writes: 


To account for the origin of these animals [certain of those found in 
America] we must go back to the time when the two continents were not yet 
separated and call to mind the earliest changes which took place in the surface 
of the globe; and we must think of the two hundred existing species of quadru- 
peds as reduced to thirty-eight families. And though this is not at all the state 
of nature as we now find it, but a state much more ancient, at which we can 
arrive only by induction and by analogies ... difficult to lay hold of, we shall 
attempt nevertheless to ascend to these first ages of nature by the aid of the 
facts and monuments which yet remain to us.” 


Here, clearly, is an evolutionary program, strictly limited by the 
assumption that there are irreducible ultimate species, yet tolerably 
ambitious: to regard all known kinds of quadrupeds as derived from 
thirty-eight original types, by modification in the course of natural 
descent; and to determine the general causes and conditions of the 
production of species in the ordinary sense, 7. e., of relatively stable 
varieties. These ideas occurred to Buffon too late to be made use of in 
his general plan for the classification of the quadrupeds; that plan, 
it will be remembered, was formed while he was unluckily under the 
influence of the principle of continuity. But in the volumes on birds, 
of which the first appeared in 1770, he had the opportunity for a fresh 
start; and he took advantage of it to introduce a method of distinguish- 
ing and classifying species which—within the limits already indicated 
—is expressly evolutionary in its principles. 

For the natural history of the birds I have thought that I ought to form a 
plan different from that which I followed in the case of the quadrupeds. Instead 
of treating of the birds... by distinct and separate species, I shall bring several 
of them together under a single genus. Except for the domesticated birds, all 
the others will be reunited with the species nearest to them and presented 
together as being approximately of the same nature and the same family... . 
When I speak of the number of lines of parentage, I mean the number of species 
so closely resembling one another that they may be regarded as collateral 
branches of a single stock, or of stocks so close to one another that they may 
be supposed to have a common ancestry and to have issued from that same 
original stock with which they are connected by so many points of resemblance 


8 Vol, XLV., 1766, p. 358. 
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common to them all. And these related species have probably been separated 
from one another only through the influences of climate and food, and by the 
lapse of time, which brings about all possible eombinations and gives play to all 
the agencies that make for variation, for improvement, for alteration and for 
degeneration.™ 


Even the groupings which he gives, Buffon adds, can not be re- 
garded, in the existing state of knowledge, as correctly and exclusively 
enumerating all the apparent species which are really akin to one 
another. The number of separate species which he lists, he intimates, 
is probably much too great. But at all events, he concludes with pride, 
his work is the first real attempt at an ornithologie historique. 

The purpose of the present inquiry does not call for any extended 
exposition of Buffon’s views about the causes of modification in animals 
and the ways in which quasi-species are formed. In the essay “ De la 
dégénération des animaux” the subject is discussed at the length of 
over sixty quarto pages; the theories there advanced have been suffi- 
ciently accurately summarized by many previous writers. In brief, the 
factors in modification which he mentions as the most important are 
changes of climate (in which the most potent influence is temperature), 
changes of food, and the effects of domestication. But it is evident that 
he also believed in a general tendency to variation in the germ, and in 
the influence of acquired habits, of the use and disuse of parts, and of 
acquired lesions and mutilations. Thus he explains the humps, and the 
callosities on the knees and chest, of the camel and the llama as due to 
the habits of those animals under domestication. Similarly, the cal- 
losities on the haunches of the baboons arise from the fact that “ the 
ordinary position of these animals is a sitting one—so that the hard 
skin under the haunches has even become inseparable from the bone 
against which it is continually pressed by the weight of the body.” 
These theories, of course, take for granted the inheritance of acquired 
characters, which Buffon also (less cautious here than Maupertuis**) 
explicitly asserts. It is, I suppose, also well known that Buffon called 
attention (as Linneus did independently) to the struggle for existence 
between species, due to the excessive multiplication of individuals, and 
pointed out how an equilibrium comes to be established (so long as ex- 
ternal conditions remain constant) by means of this opposition. 

It may be said that the movement of nature turns upon two immovable 
pivots—one, the boundless fecundity which she has given to all species; the 
other, the innumerable difficulties whieh reduce the results of that fecundity, 
aud leave throughout time nearly the same number of individuals in every 
species.® 

Buffon, in fact, rather over-worked this notion of a stable equilib- 
rium, which rested upon the assumption of an approximate equality 


“<< Tlist. des Oiseaux,’’ I., 1770, preface. 
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among species in their endowment for the struggle for survival. This 
is perhaps one reason why it did not occur to him to think of that 
struggle as causing a process of natural selection, or to see in it a factor 
in the formation of so-called species. 

4. Tt must be evident to the reader from all that precedes that Buf- 
fon’s mind, throughout nearly the whole of his life, was played upon 
by two opposing forces. Quite apart from any illegitimate and external 
influences, such as fear of the eeclesiastics—of which too much has been 
made—his thought was affected by two conflicting sets of considerations 
of a factual and logical sort. He saw certain definite reasons for re- 
garding species as the fundamental constants of organic nature; what 
those reasons were has been sufficiently indicated. But he also saw that 
there was some force in the argument from the homologies ; and—what 
in his case was still more important—he was committed to the program 
of explaining the diversities of organisms, so far as might be, by the 
hypothesis of modification in the course of descent; he was deeply 
impressed by the fact of variability ; and he held to a theory of heredity 
(namely, of the heritability of acquired characters) which acted as a 
sort of powerful undertow towards a generalized evolutionism. Add to 
this that he was little careful of consistency and extremely careful of 
rhetorical effect—and it is not surprising that he occasionally forgot one 
side of his doctrine in emphasizing the other. ‘here is one and, so far 
as J] can discover, only one passage in which he seems categorically to 
contradict his ordinary teaching of the impossibility of the descent of 
really distinct species, sterile inter se, from common ancestors. ‘This 
occurs at the end of the chapter on “ Animals Common to Both Conti- 
nents” (Vol. IX., 1761). 

It is not impossible that, without any deviation from the ordinary course of 
nature, all the animals of the New World may be at bottom the same as those 
ef the Old—having originated from the latter in some former age. One might 
say that, havmg subsequently become separated by vast oceans and impassable 
lands, they have gradually been affected by a climate which has itself been so 
modified as to become a new one through the operation of the same causes which 
dissociated the individuals of the two continents from one another. Thus in the 
course of time the animals of America have grown smaller and departed from 
their original characters. This, however, should not prevent our regarding them 
to-day as different species. Whether the difference be caused by time, climate 
and soil, or be as old as the creation, it is none the less real. Nature, I maintain, 
is in a state of continual flux and movement. It is enough for man if he can 


grasp her as she now is, and cast but a glance or two upon the past and future, 
to endeavor to perceive what she may once have been and what she may yet 


become. 

Here Buffon seems either to have forgotten or to have deliberately 
discarded his own usual criterion of diversity of species. He does not 
propose to inquire whether the American species are capable of having 
fertile progeny when mated with their respective congeners in the old 
world, but predicates difference of species solely on the ground of dis- 
similarity of form; and to the distinct species so determined he at- 
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tributes an identical origin. But it is possible that he has here merely 
lapsed (as he apparently does occasionally elsewhere) into the terminol- 
ogy in which he was brought up, and is using the word species in the 
Linnean sense rather than in his own. 

More significant, perhaps, than this possibly inadvertent incon- 
sistency is the fact that, in his fourteenth volume** (1766), Buffon 
seems to raise explicitly the question—though only as a question— 
whether, after all, descent with modification may not extend to species 
as well as varieties. 


After surveying the varieties which indicate to us the alterations that each 
species has undergone, there arises a larger and more important question, namely, 
how far species themselves can change—how far there has been a more ancient 
modification, immemorial from all antiquity, which has taken place in every 
family, or, if the term be preferred, in all the genera in which species that 
closely resemble one another are to be fownd. There are only a few isolated 
species which are like man in forming at once a species and a whole genus. Such 
are the elephant, rhinoceros, hippopotamus and giraffe, which constitute genera, 
or simple species, and descend in a single line, with no collateral branches. But 
all other races have the appearance of forming families, in which we may 
perceive a common source or stock from which the different branches seem to 
have sprung.” 


Even here one can not be wholly sure that Buffon is not referring 
to Linnean species, and using the word genera to indicate what he usu- 
ally means by species in the strict sense. Assuming, however, that he 
is speaking of “ true” species, it must be observed that while he raises 
the question of their mutability, he does not answer it finally in the 
affirmative. For the passage is shortly followed by that cited earlier in 
this paper, in which Buffon, though he derives many species tradition- 
ally regarded as distinct from a common stock, yet finds even in “the 
first ages of nature ” thirty-eight irreducible diversities of specifie type 
among quadrupeds. 

There is, however, one peculiarly interesting essay in which Buffon 
shows himself a little dubious even about that “most fixed point in 
nature ” upon which his usual doctrine of the reality and constaney of 
species was based—namely, the fact of the sterility of hybrids. As I 
have already mentioned, this seemed to him so central a point in nat- 
ural history that he for many years assiduously collected data concern- 
ing it, and eaused experiments bearing thereon to be made and carefully 
recorded at his own estate at Montbard. The results of these inquiries, 
which he reports in the chapter “On Mules” (in the third supplemen- 
tary volume, 1776), led him to the conclusion that hybrids are not 
necessarily without hope of posterity. On the testimony of an affidavit 
from a gentleman in San Domingo, Buffon declares that in hot climates 
mules have been known to beget offspring of mares, and females of their 

* Just a year earlier we have found Buffon using the most exaggerated 


language possible about the changelessness of species. 
* Vol. XIV., p. 385; italies mine. 
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kind to breed with horses. “ One was therefore wrong formerly in main- 
taining that mules are absolutely infertile.” Other experiments in the 
crossing of goats and sheep, dogs and wolves, canaries and goldfinches, 
are recited; they all go to show that sterility is merely a question of 
degree. 

All hybrids (mulets), says prejudice, are vitiated animals which ean not 
produce offspring. No animal, say reason and experience, is absolutely infertile, 
even though its parents were of separate species. On the contrary, all are capable 
of reproduction, and the only difference is a difference of more or less.** 

That hybrids are relatively infertile, and probably incapable of 
breeding with one another, Buffon still maintains; “their infecundity, 
without being absolute, may still be regarded as a positive fact.” 
Something, therefore, is still left of his test of unity of species. But 
now that it seemed to be reduced to a mere difference in degree, it was 
no longer the sharp-cut, decisive, impressive thing that it had at first 
appeared. And, feeling that his criterion of species had a good deal 
weakened, Buffon was led—not, indeed, even now to an altogether 
unequivocal affirmation of the descent of real species from one another 
—but to a confused, half-agnostic utterance, in which he seems to take 
at least the possibility of such descent for granted: 

In general, the kinship of species is one of those profound mysteries of 
nature which man will be able to fathom only by means of long and repeated 
and difficult experiments. How, save by a thousand attempts at the cross-breeding 
of animals of different species, can we ever determine their degree of kinship? 
Is the ass nearer to the horse than to the zebra? Is the dog nearer to the wolf 
than to the fox or the jackal? At what distance from man shall we place the 
great apes, which resemble him so perfectly in bodily conformation? Were all 
the species of animals formerly what they are to-day? Has their number not 
increased, or rather, diminished (sic)? . . . What relations can we establish 
between this kinship of species and that better known kinship of races within 
the same species? Do not races in general arise, like mixed species, from an 
incapacity in the individuals from which the race originated for mating with the 
pure species? There is perhaps to be found in the dog species some race so rare 
that it is more difficult to breed than is the mixed species produced by the ass 
and the mare. How many other questions there are to ask upon this matter 
alone—and how few of them there are that we can answer! How many more 
facts we shall need to know before we can pronounce—or even conjecture—upon 
these points! How many experiments must be undertaken in order to discover 
these facts, to spy them out, or even to anticipate them by well-grounded 
conjectures !* 

This passage certainly indicates a strong inclination towards an 
acceptance of a thorough-going doctrine of descent; yet in Butler’s 
lengthy compilation of the evidences of Buffon’s evolutionism it is not 
cited at all! The volume containing it, says Butler, offers “little 
which throws additional light upon Buffon’s opinion concerning the 
mutability of species”!** In truth, it offers one of the best of the 

* Supp., IIL., p. 20; the italies are Buffon’s. 

* Supp., III., 1776, pp. 32-33. 

=«<Evolution Old and New,’’ p. 165. 
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extremely few passages which give some plausibility at least to the 
theory that Buffon was continuously working towards an unqualified 
transformism and actually arrived at that position in his later life. 
But if he reached it (which his language just quoted does not quite 
justify us in declaring) he did so only in a transient mood. For, as we 
have already seen, in 1779, in the “ Epoques de Ja Nature,” we once 
more find him asserting—though no longer upon the ground of the 
sterility of hybrids—that the “constitutive form” of each separate 
species is the same to-day as in “ the earliest ages.” 

5. It is more important, and it is commonly easier, to determine 
what opinions a man’s writings tended to encourage than to determine 
what opmions he actually held. Mind-reading is perhaps no essential 
part of the history of seience. If, then, in conclusion, we raise the more 
important question with respect to Buffon, it is evident that his work 
both fostered and hindered the propagation of evolutionary ideas in 
biology. Earlier than any other except Maupertuis, he put the hypoth- 
esis of organic evolution before his contemporaries in a clear and defi- 
nite form. He called to their attention, also, the facts of comparative 
anatomy which constitute one of the principal evidences for that 
hypothesis. Throughout the rest of the century we never cease to hear 
about the wonderful “ unity of type” characteristic of the vertebrates 
and perhaps of all living things. It was this consideration which led 
Kant as near to evolutionism as he ever came; Herder and Goethe are 
full of it, though the former never admitted its full evolutionary con- 
sequences; and all, it is evident, learned it directly from Buffon. He, 
says Goethe, was the first to recognize eine urspriingliche und allge- 
meine Vorzeichnung der Tiere. Buffon, moreover, once and for al] in- 
scribed upon the program of natural history, as its primary problems, 
the reduction of the number of separate species to a minimum, the 
derivation of highly divergent forms from a common origin through nat- 
ural descent, and the discovery of the causes and methods of modifica- 
tion. He, finally, did more than any one else to habituate the mind of 
his time to a vastly (though not yet sufficiently) enlarged time-scale 
in connection with the history of organic nature, a necessary prereq- 
uisite to the establishment of transformism. 

These were great steps in the progress of evolutionism. But it is 
equally true that Buffon probably did more than any other eighteenth 
century writer to check the progress of evolutionism. He did so partly 
by the authority which, for his contemporaries, attached to those per- 
sonal utterances of his favorable to the doctrine of immutability. These 
utterances were far more numerous and more categorical than those 
which could be quoted on the other side; and they certainly were not 
taken as ironical hy the average reader of the period. But, what is still 
more important, Buffon put into currency what passed for a scientific 
and serious argument against any wholesale theory of descent. In the 
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eyes of many learned men of his own and later generations, perhaps his 
chief single contribution to science was his definition of species. This, 
as I have recently pointed out,®® was regarded as of immense importance 
by Kant, and was, indeed, the starting point and the controlling prin- 
ciple of that philosopher’s biological speculations. “It is Buffon,” 
wrote Flourens as late as 1844, “who has given us the positive char- 
acter of a species.” Now before the Buffonian criterion of species was 
propounded, there already existed a tendency towards evolutionism, 
fostered by the principle of continuity and by such embryological con- 
ceptions as those of Maupertuis—a tendency to disregard species alto- 
gether and to infer from the variability of individuals to an unlimited 
and rather promiscuous mutability of the successive generations of liv- 
ing things. If it had not been for Buffon, transformism would prob- 
ably have developed at first*® through the increase and diffusion of this 
tendency ; and its development might well, in that case, have been more 
rapid. But when species came to be regarded as real “ entities of na- 
ture,” determined by the objective criterion of the sterility of hybrids, 
this somewhat too facile evolutionism received a check, and a certain 
presumption of the constancy of true species seemed to be created. 
This presumption had all the more force because it left room for a 
large measure of mutability in the case of varieties, and thus gave a 
sort of appeasement to the strong impulse towards genetic modes of 
thought which was already active in the mid-eighteenth eentury. But 
more than all this, Buffon, as we have seen, from the first managed to 
associate with his definition of species the assumption that the sterility 
of one kind of animal when crossed with another was a character that 
(unlike almost all others) could not have been produced in the course 
of descent with modification. And this supposition that the sterility 
of hybrids was incapable of an evolutionary explanation long remained 
a serious obstacle to the acceptance of the theory of descent, even with 
those little influenced by theological prejudices against the theory. We 
find even Huxley in 1862 troubled over the difficulty. In his Edin- 
burgh lectures of that year “he warned his hearers of the one missing 
link in the chain of evidence—the fact that selective breeding has not 
yet produced species sterile to one another.” The doctrine of descent 
was merely to be “ adopted as a working hypothesis, . . . subjeet to the 
production of proof that physiological species may be produced by se- 
lective breeding.” ** Since Buffon appears to have been the first to 
emphasize the notion of physiological species, and to give currency to 
the supposition that the sterility of hybrids affords a presumption 
against any thorough-going transformism, he must be regarded as hav- 
ing done more than almost any man of his time to counteract the tend- 
ency which he also, perhaps, did more than any other to promote. 


7° POPULAR SCIENCE MONTHLY, January, 1911, pp. 37-38. 
“Cf. Lovejoy, POPULAR SCIENCE MONTHLY, July, 1904, p. 248. 
* Huxley's ‘‘ Life and Letters,’’ I., 193. 
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PROTOZOAN GERM PLASM 


By PROFESSOR GARY N. CALKINS 


COLUMBIA UNIVERSITY 


i ie his classical essays on the nature of the germ plasm, Weismann, 
more than twenty years ago, drew a distinction between that pro- 
toplasm destined for the perpetuation of the race and that needed by 
the organism for its ordinary functions of moving, eating, digesting, etc. 
The former, which he designated germ plasm, in Metazoa is early dif- 
ferentiated from the latter, and in some forms may be distinguished as 
the rudiments of a germinal epithelium even before the end of seg- 
mentation. The latter develops into the vegetative organs of the adult 
and serves to nourish and support the former. The distinction, there- 
fore, especially in the higher Metazoa, indicates a real difference in 
potential, and the vegetative cells have no primary reproductive func- 
tions. In lower Metazoa the distinction is not so clear, many of the 
vegetative cells turning to germ cells either in groups or singly. 

Protozoa, or animals consisting of one cell only, were set apart by 
Weismann as differing from Metazoa in not showing this somatic 
germinal differentiation, and he regarded them all as potential germ 
cells. ’urthermore, since germ cells have the possibility, at least, of 
continued life, while somatic cells die, he assumed that Protozoa are 
potentially immortal, while natural death is the penalty Metazoa must 
pay for the privilege of differentiation. 

Weismann’s hypothesis is certainly seductive, and, viewed super- 
ficially, would seem to indicate a fundamental difference between the 
unicellular and the multicellular animals. Protozoa, however, are 
more than mere single cells, comparable with the isolated tissue cells of 
higher animals. ‘They must be regarded as organisms, complete in 
themselves and comparable, therefore, with the whole animal of higher 
type and not with any one of its cells. Like the entire Metazoon, it 
excretes the products of destructive metabolism, it secretes many dif- 
ferent types of by-products; it moves, obtains food, swallows, digests 
and assimilates it through the action of digestive fluids; in short, it 
performs all of the functions which distinguish animals from plants. 
Finally, like higher types again it reproduces its kind by processes rela- 
tively as simple as the functions of digestion or nervous response are 
simple when compared with these funetions in Metazoa. In such 
complete organisms, therefore, it is a logical inference to consider the 
protoplasm of a protozoon as made up of widely different elements 
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equivalent in function to the aggregate of cells making up the metazoon, 
and with some parts at least having the power to contract and move, 
some to digest food, some to seerete, others to excrete and still others, 
finally, to reproduce. Considered 
in this sense the cell theory as ap- 
pled to the Protezoa is obviously 
inadequate. 

The especial portions of the 
protoplasm that have to do with 
these several different functions 
of the protozoon can be identified 
in many cases as structurally dif- 
ferent from the remainder, espe- 
elally those parts which have to 
do with movement and with the 
perpetnation of the race, v. ¢., the 
gerin plasm. In the majority of 
Protozoa this portion of the 
protozoon is clearly differentiated, 
one time or another, from the re- 
mainder of the cell, and this 
justifies us in taking issue with 
Weismann, and with the majority 
of those who write casually about 
the Protozoa, as having no so- 
matic cell elements and there- 
fore no possibility of natural 
death. If it can be shown that 
there is a specific germ plasm in 
these unicellular animals, then 
the matter of immortality differs 
in no essential way from the 
same problem im Metazoa or 
Metaphyta where the germ cells 
have a possibility of endless ev- 
istence. The evidence points to 
a common and universal law that 


continued life is an attribute of an Fic. 1. Guat: 
especially endowed — protoplasi, 
termed germ plasm, which forms the material basis of the reproductive 
cells, 

The history of single Protozoa, if taken superficially, seems to point 
to the facet that the protoplasm of these cells does not die a natural 
death, but continues to live in successive generations of similar indi- 
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viduals. Phe individual cell appears to be entirely self-sufficient: it 
captures food, digests it, grows to maximum size and then divides 
(Fig. 1). The original individnal cell no longer exists, although it has 
not died: its protoplasm is now distributed between two daughter cells. 
In the same way these cells grow old in turn, divide into two each, and 
so on apparently in endless succession of cell generations. Obviously 
if this could keep on indefinitely there would be a basis for the view 
that Protozoa are immortal. They do not keep this up, however, but 
there comes a time when the nature of the protoplasmic make-up 
changes, and processes stmilar to fertilization in Metazoa supervene. 
In the great majority of parasitic 
protozoa and in most free-living 
forms that have been studied in 
culture, there comes a period 
when certain cells of the raee, or 
specialized parts of the proto- 
plasm of all of the cells of the 
race, undergo marked changes. 
different from any vegetative 
phase, and reorganization of the 
old individual or formation of 
hew ones is the outeome. This 
result is brought about by conju- 


gation or the union of two cells 
Fie. 2. Original. in more or less complete coales- 
cence, during which an inter- 

change and mixture of germ plasms is accomplished (Fig. 2). 

In some of the best-known forms of Protozoa, notably in Par- 
aumecium caudatum, the eonditions are quite different from those of 
the majority of protozoa and too many generalizations have been made 
upon the comparatively rare phenomena which are manifested in this 
~ slipper animal” and its immediate allies. In the conjugation of 
Paramecium two individual eells unite very much as do Blepharisma 
cells. In eaeh individual there are two types of nuclei, one, a large 
macronuelcus, plays no part in the fertilization process, but, sooner or 
later, disintegrates and dissolves in the eell. The other is a minute 
micronucleus, whieh divides three successive times, giving rise to a 
number of micronuclei, which, with the exception of two germ nuelei, 
also disintegrate and dissolve in the eell. These two germ nuclei are 
sexually differentiated, one is smaller than the other, and migrates into 
the other cell of the pair, there uniting with the stationary larger form 
of nucleus (Fig. 3). Thus there is a mutual fertilization of the two 
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Iria. 3. After Calkins, 
cells which now undergo, separately, the later stages of development. 
These stages consist in the division of the fertilization nuclets and new 
formation from the division produets, of the new macronucleus and the 
new micronucleus (Fig. 4). 

After such a process of fertilization it would seem that the indi- 
viduals are pretty much as they were before except for the complete 
reorganization of the nuclear apparatus, and there is a certain justifica- 
tion for the Weismann coneeption. But the phenomena in Paramecium 
and allied forms, like their cell differentiations, are highly specialized 
and are unlike the fertilization processes in the majority of Protozoa. 

The enormous group of Sareodina, including more than four 
thousand species of Radiolaria and some thousand or more species of 
Foraminifera, Heliozoa and Rhizopods, presents a fairly uniform picture 
of the germ plasm and the processes of fertilization. For purposes of 
illustration and comparison [ will describe two types selected from this 
great group of forms—one a marine foraminiferon, Polystomella crispa, 
the other a common fresh-water rhizopod Arcella vulgaris. 

So far as known, each species of Foraminifera exists in two forms 
known as the microspheric and the megalospherie forms, so called 
because of the small and large size of the central or initial chamber of 
the shell (Figs. 5 and 6). These two forms correspond with the asexual 
and the sexual generations of metagenetic hydrozoa, the microspheric 
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type corresponding with the hydroid, the macrosphric type with the 
medusa generation. Like these ccelenterates, the microspheric type 
reproduces asexually while the macrospheric type reproduces sexually. 
Like them also, the asexual generation gives rise to the sexual and the 
latter, again, to the asexual, hence there is a typical alternation of gen- 
erations. Like the colenterates, again, the sexual generation acts as a 
nurse for the mmportant germ plasm. Let us see how this works out in 
the case of Polystomella crispa. 


Iie. 4. After Catkins. 


The voung individual of Polystumella seeretes a shell of calcium 
carbonate and grows by feeding on various minute animals and plants. 
Its nucleus divides hy mitosis and the protoplasmie mass increases in 
size but does not divide with the nueleus. A new shell chamber is 
formed partly enclosing the first one. Further division of the nuclei, 
inerease of the plasmic mass and new chamber formation continues with 
constant feeding until a typical Polystomella shell is formed, containing 
a relatively great protoplasmic mass and hundreds of nuclei. When 
mature, all of the nucle: save one or two break down into thousands of 
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minute particles of chromatin which are distributed throughout the 
protoplasm in the form of fine granules. Authorities differ somewhat 
in regard to the next changes of the nuelei. Tf we aecept Sehaudinn’s 
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account, verified by Winter, the protoplasm of the microspheric indi- 
vidual breaks down into small fragments, each fragment enclosing a 
number of these granules of chromatin, which coalesce later to form one 
single nucleus. If we accept Lister's account the coalescence oceurs 
before the breaking down of the protoplasmic mass. All observers 
agree, however, that hundreds of minute nucleated * embryos” arise 


Photogreph by J. J. Lister. 
Pie. 7. Polystomeila crispa, Liberation of pseudo-pediospores 
from the megalospherie individual. 


by fragmentation of the parent protoplasm (Fig. 7). The breaking 
down of the original nuclei is an important step, for by this process the 
important germ plasm is formed, which im the finely granular state 
deseribed was named by Hertwig the chromidia. 

The small ‘embryos ™ leave the parent organism in swarms 
(Fig. 8), and the calcareous shell is finally deserted. Each “ embryo ” 
then grows into a megalospherie or large-chambered individual in 
which the primary nucleus remains single for a considerable period. 
New chambers ave formed about the primary central chamber and a 
new adult individual results from the continued growth. The history 
of the nueleus, however, is quite different from that of the microspheric 
individual. The protoplasm contains a large primary nuclens which 
witimately degenerates and disappears, During hfe of the individual, 


however, this nucleus gives rise by chromatin * secretion” or by frag- 
mentation, to an immense number of minute nuele? which are dis- 


tributed throughout the proteplasnne inass. Each nucleus becomes 
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surrounded by a thickened zone of protoplasm and then each divides 
twice, thus inereasing the number of the zones. All of the protoplasm 
is utilized in this zone formation, with the exception of a small portion 
surrounding the original ** primary ” nucleus, these parts degenerating 
and disappearing. Preparations of the decalcified individual at this 
period show hundreds of minute nucleated masses completely filling the 
shell space (Fig. 6). In life, these emerge in swarms, each in the form 
of a tiny bi-flagellated swarmer. The swarmers are gametes which 
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conjugate with similar gametes from another individual (Fig. 5, .t). 
The tlagella are thrown off after wnion, the nucle: unite. and each united 
pair, ax a fertilized cell, or zygote, develops into a new microspheric 
individual. 

In Polystomella, therefore, fertilization is accomplished, not by 
union of the parent tdividuals as in Paramecium, bat by coaleseence 
and fusion of minute gametes which contain portions of the specific 
gern substance in the form of chromidia, 
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Arcella vulgaris, a common fresh-water shelled rhizopod, has a much 
more simple life-history, 


Iie. 9. oriyinal, 


The nucleus of the young form soon divides, 


so that most Arce//a speciinens eon- 
tain: two primary nucle: (Fig. 2). 
From the very outset, furthermore, 
each nuclens secretes a chromatin 
substance which collects in a zone 
about the periphery of the cell, This 
substance is not granular lke the 
chromnidia, but has a similar origin 
from the nucleus, and has the same 
germ-plasmie fate as chromidia, so 
that Hertwig was justified m calling 
it a “echromidial net.” When the 
organism is mature, minute nuclei 
condense out of the substance of this 
network, hundreds of them being 
formed (Fig. 10). As in Poly- 


stomella, each nucleus becomes surrounded by a zone of protoplasm, and, 
finally, a large number of smal] swarmers emerge from the shell mouth, 
leaving behind in the shell the two primary nuclei and a portion of the 


protoplasm as a degenerating residue. 


some are macrogametes, some microgametes (Fig. 11). 


two by two, a macrogamete with 


The swarmers are dimorphic, 
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These fuse 
a microgamete, and the resulting 


zygote develops into the normal form. 


PROTOZOAN GERM PLASM S77 


In Areel/a, therefore, as in Polystomella, there is a definite germinal 
protoplasm: composed essentially of chromatin which gives rise to new 
eycles of organisms, while a portion of the original organism, including 
the primary nucleus and a quantity of protoplasm, degenerates and dies. 
We can speak of germinal and somatic protoplasm in these eases, and 
with equal right in all of the 
thousands of alhed species of 
protozoa, as well as in the case of 
any higher animal. 

A still more interesting case 
of speeifie germ-plasm  forma- 
tion is given by a type of 


iregarine belonging to a group 
of parasitic Sporozoa. In all 
of the Gregarines there is a segregation of the germ plasm and a 
residual somatie protoplasm which degenerates and dies a somatic death. 
One of the most striking illustrations of this type is the case of Ophryo- 
cystis mesnili, a parasite of beetles. Unlike the eases cited above,. 
most of the gregarines do not reproduce asexually. Ophryocystis, how- 
ever, is one of the exceptions to the rule, the individuals reprodueing by 
simple division until the protoplasm becomes mature, when, as in 
Paramecium, two eells come together in conjugation. The single 
nucleus of each cell divides and one of the produets becomes a 
“somatic”? nucleus, to use Leger’s term, while the other danghter 
nucleus in each cell divides again (Fig. 12, A-G). One of these cor- 
responds to a polar body in the metazoon egg, the other is the gamete, 
or germ, nucleus. In each cell this nucleus collects about itself, pos- 
sibly through the secretion of nuelear material which transforms the 
surrounding stuff, a denser zone of protoplasm, which, with the nucleus 
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forms a gamete within the body of the parent cell. The two gametes 
thus formed fuse while in the space which their formation has left in 
the parent somatic, or nurse cells. The latter ultimately wither up 
and die. After union of the two gametes, the sporoblast gives rise to. 
eight germs or sporozoites, each capable of developing into an ordinary 
vegetative form when under the proper conditions of environment 
(Figg 12, 71-1); 

Here in Gregarines, therefore, as in rhizopods, we see a clearly 
defined difference between germ plasm and somatie plasm, the latter 
dying, as in the Metazoa, the former capable of endless development. 
Unlike the rhizopods, however, the germinal chromatin is retained in 
the primary nucleus until full maturity of the cell and does not appear 
in the cytoplasm in the form of chromidia. 

Turning after this excursion into other fields of Protozoa, to the- 
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case of Paramecium, it will be seen that the conditions are entirely 
different from those which accompany conjugation in the majority of 
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Protozoa. In the latter fertilization is accomplished by the formation 
and fusion of gametes or minute simulacra of the adult cells, some being 
differentiated into microgametes and macrogametes, or male and female. 
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In Paramecium there are no gametes of this kind, but portions of the 
adult individuals fuse as in Ophryocystis mesnilt, Unlike this Gregar- 
ine, the fusion of the adult cells is only temporary and the two parties 
to the conjugation do not die. During the temporary fusion there is a 
mutual interchange of micronuclei and a mutual fertilization, while the 
only portion to disintegrate and die is the macronucleus of each con- 
jugant, and this is replaced by a specially differentiated fragment of the 
new micronucleus. 

In ciliated protozoa such as Paramecium and its near relations the 
germ plasm is concentrated in the micronucleus, while the somatic 
plasm is represented by the macronucleus. As we have seen, the micro- 
nucleus enlarges and divides during conjugation, first into two, then 
these into four, all but one of the four degenerating. The fourth 
divides for the third time, but this time unequally (Fig. 3) into a 
smaller migratory and a larger stationary form. The smaller micro- 
nucleus migrates into the other cell of the pair and there unites with 
the stationary larger nucleus. The macronucleus then degenerates and 
is absorbed in each of the conjugating cells. 

The aberrant conditions in these Infusoria can be interpreted if we 
regard the three divisions of the micronucleus as the reminiscence of a 
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process of gamete formation which obtained in remote ancestral formes. 
A parallel, but less extreme, case is seen in the Gregarine Ophryocystis, 
where one gamete only is formed by the conjugating cells. This is an 
isolated case among these Sporozoa, for in the typical forms a great 
number of gametes are developed, as shown in the accompanying pho- 
tograph of Monocystis (Fig. 13). The one pair of gametes in Ophryo- 
cyslis, plus the nuclear derivatives of the pro-conjugants, represent the 
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swarm of gametes found in other Gregarines. Here, also, the internal 
or “nursed” condition of the gametes is a new development or 
adaptation. 

Similarly in Parawectum the three divisions of the micronucleus 
may be interpreted as representing an ancestral brood of conjugating 
gametes, only two of which are now functional, the one representing a 
macrogamete or female form, the other a microgamete or male cell. 
Unlike Ophryocystis, the Paramecium individual does not become a 
nurse for the conjugating gametes, but remains, as before, the mechan- 
ism for the performance of the various physiological activities and the 
vehicle of the somatic and germ plasms. 

The widely accepted view, therefore, as first formulated by Weis- 
mann and repeatedly stated in general works on biology, that Protozoa 
differ from Metazoa in having no equivalent of the somatic cells and 
therefore no somatic, or natural, death, must be abandoned. In the 
vast majority of Protozoa there is a clearly defined equivalent of somatic 
cells and an equivalent of natural death. The conditions in Para- 
mecium and its allics are different from those of other protozoa, the 
old individual does not die at conjugation but is completely reorganized 
and built up of parts derived from the product of fertilization exactly 
as in Metazoa. The protozoon is not a potentia] germ cell, but like the 
metazoon is the carrier of the racial germ plasm which, in the great 
majority of protozoa is differentiated from the somatic plasm. As the 
germ cells of the metazoon become segregated into a germinal epi- 
thelium, becoming functional at maturity, so the germ plasm of the 
protozoon becomes segregated as chromidia or granules of a specific kind 
of chromatin, in the cell and is likewise functional at maturity. 
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ADAMAS: OR THE SYMMETRIES OF 
ISOMETRIC CRYSTALS 


By PrRoressor B. kK. EMERSON 


AMHERST COLLEGE 


HE number 3, the first to have a beginning, middle and end, has 
always been sacred. We are all trinitarians. Four is the second 
prominent number. It is the first square. The strong man stands four 
square to all the winds of fortune. The combination of these in the 
number 7 has always had a peculiar mythical significance. 

The triangle with the eye in its center is the symbol of Freemasonry. 
And we may see how far this triangle will symbolize the three change- 
less and four variable solids which together constitute the seven crystal 
forms of the isometric system. 

The triangle has three points which are unique and three and only 
three unique forms—the octahedron, cube and dodecahedron find place 
in the three corners of this triangle at a, b and ¢ (as shown in the plate), 
forms made of eight triangles: of six squares, or twelve diamonds, and 
these numbers are twice the number three, or twice the number four or 
the product of three and four. 

We may refer the planes of all erystals to three equal rectangular 
axes and only three permutations can be made from the only non-vyari- 
able parameters 1 and a, viz., 1: 1:1 for the octahedron, 1:1: for the 
‘dodecahedron, 1: «:% for the cube—and so we reach the same result 
algebraically. 

The three corners of the triangle are joined by three lines, each line 
made of a series of points which should symbolize each a linear series of 
cognate forms, and we have these three forms in the trapezohedron d, 
the three-faced octahedron e, and the four-faced cube f, each linking by 
a single unbroken series the three corner forms. These are placed each 
on its proper line on the diagram. Thev are eaeh twenty-four-sided 
figures. In two, each side is an isosceles triangle, in one, a trapezium, a 
combination of two isosceles triangles. 

The three-faced octahedron starts as a 5 & 8-faced figure and ends 
az a 2 “ 12-faced figure. The 4-faced eube starts as 2 & 12-faced 
form and ends as + “ 6-faeed form. The trapezohedren starts as a 
1X 6-faeed form and ends as a 3 & S8-faced form, the three-faced 
octahedron with which we began. This is expressed algebraically by the 
three formule 1T:l:m, lim:im, 1:m:%, which have a single variable 


parameter, and no additional similar formule ean exist. 

There remains the space of the triangle made up of points arranged 
in two dimensions, or in lines connecting any of the forms represented 
by the previous positions or formule with the center of the triangle. 

There is left a group of forms of a single type to occupy each point 
of this surface—the hexoetahedrons, and a sample of these is numbered 
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g on the diagram. As the space has two dimensions this has two varia- 
bles, lim:m. The first group at the corners of the triangle had faces 
with like sides, the second at the sides of the triangle had faces with two 
like sides, this third and last group has faces with unlike sides; they are 
scaline triangles. They have forty-eight sides, a number that can factor 
into 2+, 12, 8, 6, 4 and 3. As they are arranged over the surface of 
the triangle, these nearest the octahedron are six-faced octahedrons in 
appearance, those nearest the eube are eight-faced cubes, those nearest 
the trapezohedrons are two-faced trapezohedrons, and so on. 

For many years I have shown this symmetrical passage of these 
seven forms into each other by using three colors, red for the octahedral 
lines, blue for the dodecahedral, and green for the cubical, a device my 
old pupil, Geo. H. Williams, used in his “ Elements of Crystallography.” 
The upper corner is all octahedral, the middle horizontal band is half so, 
the base not at all octahedral, and so of the other corners symmetrically. 

The law of symmetry permits any symmetrical half of these faces to 
appear independently on the crystal, and the crystal fulfils the law of 
symmetry, and this may be done in three ways. (1) We may take all 
the faces in half the octants, or half the faces in each octant, and in the 
second case we may begin in the second octant (2) with the face adja- 
cent to the initial face, or (3) with a face not adjacent. In accordance 
with the first law the half of the faces of the octahedron forms the 
tetrahedron which we naturally place in the figure, as (4) directly 
beneath the octahedron from which it is derived. 

In the same way the tetragonal dodecahedron (1), the half form of 
the three-faced octahedron, and the trigonal dodecahedron (7), that of 
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the trapezahedron, are placed beside their parent forms, and the hexa- 
tetrahedron (4°). the half form of the hexoctahedron, is placed necessar- 
ily above the latter, from its relation to the tetrahedron. 

In aecord with the second law, the four-faced cube gives rise to the 
pentagonal dodecahedron (7) which is placed above it, and the central 
figure, the hexoctahedron (g) gives rise to the diploid (7) which is 
placed naturally just above its associate the pentagonal dodecahedron. 

There remains the single gyroidal form (x) obtained by the third 
law, which is placed directly beneath the eentral figure (g) from which 
it was derived. 

An inspection of the figure will show that the triangle with which 
we began, the mason’s symbol of the trinity, has most naturally de- 
veloped itself into the form of a cross. Isolated on either side stand the 
cube and dodecahedron, two unique forms not capable of change or con- 
version into any other form, ike the two thieves beside the cross. But 
said one of my friends, who is a good crystallographer, as TI called her 
attention to this similitude, one of the thieves was convertet. 

This would seem to throw doubt on the record, I replied, and yet 
there are infinite possibilities present, as one sees, in the formule, 
BGs ot ee om bet age ele 

One observes next that the five Platonic forms find symmetrical 
place on the figure: two at the top, two at the lower corners and one— 
the icosahedron—by evenly balanced combination of the top and_bot- 
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The cross may be a cross of gold or of any other of the noble metals, 
and an inspection of the figure shows further that it culminates in an 
upper triangle placed like a crescent above the cross which contains the 
perfect forms attained by the perfect mineral, the diamond. At the 
center of this triangle is the tetrahedron (h) which gives the model of 
the atom of carhon and the hexatetradon (4:) the most typical form of 
the diamond itself. 

So again in a new arrangement of the elements in accord with the 
periodic law, proposed by the writer,’ carbon is the culmination of the 
first octave and the very center and omphalos around which all the ele- 
ments cirele in their grand evolution. It has four-fold valence and 
threefold allotrophism and stands as the center of the seven elements 
of the first octant. And as the diamond is brought down from the 
heavens in the meteorites and brought up from the depths of the earth 
with the deepest rocks, and as it is endowed with the greatest power 
over light and over all solid bodies, so it presents i its almost spherical 
hexatetrahedron a mean around which the earth seems many times to 
have oscillated, as Arldt has shown,®? now varying slightly toward the 
tetrahedron: now almost recovering again the spheroidal form. 


"Ss Helix Chemica”? Am. Chem. Sows, Vol. XLV, pi 160, 1911: 
*Dr. Theodor Arldt, ‘‘Die Entwickelung der Kontinente,’’ Leipzig, 1907. 
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THE LACK OF PRINTING IN ANTIQUITY 
By FREDERIC DREW BOND 


MONG fragments from the Greco-Roman world which have come 
y: down to us, not a few imply the use of some sort of stamping, or 
rudimentary printing. Seals and stamps bearing reverse legends are 
not infrequent, and, in 1908, the Italian Archeological Committee at 
work in Crete discovered a terra-cotta inscription whose letters had 
heen impressed separately. According to Lacroix? Cicero had at least the 
idea of movable type, for in arguing against the Epicurean conception 
of the world as formed by the chance concourse of atoms, he uses this 
curious line of reasoning: “ Why not believe, also, that by throwing to- 
gether, indiscriminately, innumerable forms of letters of the alphabet. 
either in gold or in any other substance, one can print on the ground 
with these letters, the annals of Ennius? ” 

D'Israeli in his “ Curiosities of Literature ” has a quaint passage in 
which he suggests that the Roman Scnate, fearing the effects of printed 
books, prevented movable type from coming into use. Another sugges- 
tion is that of De Quincey, who expresses the view, which he states he 
derives from Archbishop Whately, that the reason the Romans did not 
use the press was not from lack of knowledge of movable type but from 
lack of paper with which to make nse of it. The ancients, as is well 
known, used not paper, but papyrus, on which to write. Shreds of this 
river plant (which, according to the Encyclopedia Britannica, still 
grows in the Nile valley) were split apart in long pieces, interwoven 
with one another and the whole then heavily pressed till a smooth and 
polished surface suitable for writing was obtained. 

But though lack of paper might have impeded the development of 
typography in antiquity, had its invention, otherwise, been feasible, this 
does not seem to have been the main cause accounting for its absence. 
For, after the fall of Samarcand in 704, the Saracens became acquainted 
with the manufacture of paper and, also, no doubt, learned of block 
printing among the Chinese; yet printing did not appear in the cali- 
phates of Arabia or of Spain any more than it did among the Romans. 
(Among the Chinese, needless to say, 1t was the multitude of written 
characters which prevented the development of typography from block 
printing.) It may be thus suspected that printing was wanting in the 

toman Empire fer much the saine reasons that it was wanting among 
the Saracens. By the end of the first century of our era there were 
already written nearly all the works which we call classics and a num- 

*““ Arts in the Middle Ages,’’? English translation, p. £86. 
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ber of each large enough to supply the reading demand had been turned 
out im manuscript. The literary output of new works in the Roman 
Empire was, from our modern standpoint, extraordinarily small. Aside 
from a few romances nothing existed in prose which would fall under 
our head of fiction. More than this, the output of scientific, descriptive 
and even historical writings was scanty in the extreme. Poetry, satire, 
philosophy and religion seem to have made up the greatest part of the 
output of new books in the Roman shops. Reading never became in the 
toman Empire the necessity it has been to an educated man for many 
centuries past. Those who read habitually in the empire were the 
school children and seholars, and the wants of these last were supplied 
by the great libraries of Alexandria, Athens and Rome. Reading and 
writing were to others rarely more than a means of communication and 
of casting accounts or other commercial business. 

Nevertheless, had printing been invented in the Roman Empire it 
would, no doubt, in the end, have created a demand for the books which 
it would almost certainly have called into being. Now the idea of 
typography, to nations possessing an alphabet, is so obvious that its 
failure to appear at all in Rome seems at first puzzling. Commercial 
enterprises are frequently started with no more prospect of gain than a 
printing office, if ready for work, would have faeed in Rome. The real 
reason why in the conditions in the Roman Empire printing did not 
appear at all is revealed when we turn to the history of the early print- 
ers who invented the art in the fifteenth century. Thongh the idea of 
typography is obvious, the means first to make the idea actual were, we 
find. very far indeed from being so. Obscure though the early history 
of the art is, it is certain that effort after effort was made by several 
small groups of men in Holland and on the borders of Germany to 
make a commercial success of printing in the years between 1420 and 
1450. The difficulties they encountered were manifold—a workable 
ink, a press which would give even impressions, but, most of all, type, 
both as regards its cutting or its easting and as regards its wear, we 
find giving them endless diffieulties. We get some idea of the labors 
connected with the invention when we find Gutenburg trying to print 
at Strasburg as early as 1436. About 1442 he went to Mayence. There 
he exhausted his means in various experiments. In turn he took up 
and laid aside the different processes he had tried—xylography, movable 
types of cast iron, wood and lead. Te invented new tools and experi- 
mented with a press made on the principle of a wine-press. He began 
work on nearly a dozen books and eould finish none of them. In 1450 
he entered into partnership with John Fust, a rich goldsmith of May- 
ence. Fust agreed to advance Gutenburg 800 gold florins for the manu- 
facture of implements and tools and 300 for other expenses. In 1451 
Peter Schoeffer, an employee in the establishment, at last hit on a 
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commercially feasible method of casting type. This discovery, which 
enabled printing to become a business success, he communicated to Fust, 
and the two, after getting rid of Gutenburg by a legal device, then 
printed the famous “Great Bible” of 1456. 

The story of the invention of printing thus shows clearly that with- 
out a strong money-making stimulus, the years of thought, labor and 
expense necessary to make a business success of the art would not have 
been hazarded. This money-making stimulus existed in the fifteenth 
century but was lacking in ancient times. The first printers came on 
the scene at the beginnings of the renaissance, when in Germany, where 
the awakening took a religious direction, there was a strong commer- 
cial demand for bibles and works of devotion, which was not supphed by 
the manuscript output. Moreover, eager readers for the hterature of 
Greece and Rome and for the writings of the Chureh fathers could be 
found in every European country touched by the early Renaissance. 
This antique and religious literature and the bible, in the Vulgate and in 
translations, furnished the materials for the first printers till the contro- 
versies of the Reformation brought more grist to the mill. Between 
1456 and 1478 the new art had been exercised in Germany, the Nether- 
lands, Italy, France, Spain and Scandinavia. By the beginning of 
the sixteenth century it is computed that 16,000 editions of books had 
been printed. 

On the other hand, in the Roman Empire, the popular old books 
were already in sufficiently large manuscript circulation and what there 
was of new material was amply eared for by the few publishing houses 
of Alexandria and Rome. In the Roman Empire the demand either for 
new books or for new copies of the old was too well supped for in- 
ventor after inventor to take up some thirty-five years in perfecting 
movable type. Jt was the insight that the demand for more books 
would afford great gain if gratified which induced the long labors which 
ended in a practicable method of produeing and using movable type. 
No such prospect existed in antiquity. To a Roman of the Empire a 
printing press would have seemed a commercially useless contrivance. 

Whether, of course, fragmentary printing with some rude and easily 
produeed sort of movable type, such as would be made of carved wood, 
ever occurred at all in ancient times can not be said. Not improbably, 
it did; the Cretan inscription, noticed above, had it been impressed on 
papyrus by ink, would have been an example of rudimentary typog- 
raphy. Possibly, for all we know, attempts of this sort, made for the 
anutsement or for the novelty of the thing, may have occnrred time and 
time again. 
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IS VEGETARIANISM CAPABLE OF WORLD-WIDE APPLICA- 
TION? 


By Proressor ALONZO ENGLEBERT TAYLOR 


UNIVERSITY OF PENNSYLVANIA 


ya es are to be classed into four groups: 
Vegetarians from motives of gustatory taste. 
Vegetarians from motives of esthetic taste. 
Vegetarians from motives of physiological opinion. 
Vegetarians from motives of ethical opinion. 

Some individuals, particularly in youth and in advanced years, 
dislike the flavor of flesh. Esthetic vegetarianism is common; and 
much that in the minds of the adherents of this exclusive dict is re- 
garded as physiological opinion is really esthetic revulsion. The pub- 
lication of the “ Jungle” made many converts to vegetarianism. The 
eentralization of slaughtering has intensified the natural aversion to 
the process, since, in addition to the lack of hygienic precautions that 
once prevailed in the large packing houses, the mass of gore as exempli- 
fied in the large establishments multiphes the esthetic revulsion. This 
is due to a trait in human nature familiar to every psychologist and 
sociologist. It has been difficult to arouse in this country a proper gen- 
eral appreciation of the extent of the yearly loss of hfe due to prevent- 
able dangers of machinery. The daily deaths among employees, here 
and there geographically, does not impress the public mind. But when 
through a defect of machinery a score of lives are obliterated in a wreck, 
the public is appalled. 

Vegetarians from motives of supposed physiological opinion are 
very numerous. ‘The physiological reasoning of the majority of these 
individuals is not based upon a study of physiology in any sense of the 
word. It is too often merely an expression of that license of democracy, 
according to whieh in this free conntry everybody feels the right to a 
definite opinion on every subject, without having studied it—a license 
almost as widely utilized by the college-bred as by the uneducated man, 
and contrary to common prejudice as widely utilized by men as by 
women. To the individual adherent of this school of vegetarianism, the 
exelusion of flesh from the diet is based upon the eonviction that it is 
harmful to digestion or inimical to nutrition. A sense of personal ex- 
perience (often purely esthetic, sometimes merely an idiosyncrasy, at 
times imaginary) 1s all too easily expanded into a generalization in 
the untrained mind. ‘That the contrary experience can occur is made 
evident by the reported instance of a young man in the Alps who from 
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childhood has lived solely on milk, excluding all meats, vegetables and 
fruits. The physiological vegetarian 1s usually inconsistent, in that 
milk, cheese, butter and eggs are not excluded, and very often meat 
stocks and animal fats are used in the cooking of vegetables. Reference 
will be made later to the physiological grounds upon which consistency 
in this matter is to be judged. 

Philosophical vegetarianism rests upon the simple ethical proposi- 
tion that man has no right to preserve his existence, enlarge his com- 
forts or advance his material and spiritual welfare at the expense of 
the life of animals. Animals of all classes are to the ethical vegetarian, 
as in the Indian religion, as fully entitled to life as man; the com- 
mandment “ Thou shalt not kill” is interpreted to apply generally to 
all types of animal life, and the slaughter of animals for the service of 
man is regarded as an expression of brute force which is inhuman. 
There is in this proposition an ethical appeal which finds response in 
every heart. The historical opinion of mankind, outside of India, holds 
that the right of man to kill animals is one vested in the higher moral 
and mental position of man among the animals, grounded in a higher 
importance in the broadest sense. ‘The right to kill animals is, however, 
quite universally confined to instances in which higher human needs 
are positively and directly advanced. Needless killing is by all culti- 
vated peoples condemned (if less consistently in practise than in theory) 
and the advance from savagery to civilization has been characterized 
by progressive cultivation of the regard for life. Our societies for the 
prevention of cruelty to animals and the Audubon societies are the pub- 
lic expressions of the ethical feeling that we owe it to animals, and to 
ourselves, to protect animals from suffering and from indiscriminate 
and purposeless slaughter. But deeply rooted in the minds of the mass 
of cultivated ethical men and women is the conviction that mankind 
has the right to be fed and clothed at the cost of the lives of animals; 
the domesticat‘on of animals is held almost universally to include the 
right of slaughter as well as the right of service. 

To be consistent, the philosophical vegetarian must not only abjure 
the use of flesh in the diet, he must also abstain from the utilization of 
products of animai bodies, the procurement of which entails the death 
of the animal. Thus his articles of clothing, personal effects, house- 
hold furnishings and implements of trade and occupation may bear no 
stain of blood. Jt is wholely inconsistent in one who keeps the hands 
and feet warm with the skim of an animal to reproach another for keep- 
ing the body warm hy the use of meat as a fuel. Other fuels are truly 
available; so are other means for the retention of the heat of the body; 
the skin of inan has no privilege above the other tissues of his body. 
The Indian soldier who refused to use ammunition greased with beef 
suet was entirely consistent. ‘That it may be easy to feed the human 
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body on food other than flesh and difficult to clothe the human feet with- 
out leather can have no bearing on the ethics or logie of the question. 
If man has the right to kill animals for his use, what is to constitute 
necessary use will always remain a matter of more or less individual 
judgment, as the movement for the protection of bird-life clearly illus- 
trates. An aigrette may seer more necessary to the woman of fashion 
than are leather shoes to her less evolved peasant sister. From this 
point of consistency therefore no departure can be permitted. Here the 
consistent vegetarian and the consistent anti-vivisectionist meet, both 
resting the ultimate argument upon the broad proposition that man has 
not the right to nourish himself, clothe himself or save his life at the ex- 
pense of the life of an animal. On the other hand, consistency does not 
demand of the ethical vegetarian, as of the physiological vegetarian, 
the exclusion of milk, cheese, butter and eggs from the diet. Although 
the slaughter of animals is from the ethical point of view condemned, 
the domestication of animals for their service is not excluded, since it 
can be easily shown that domestication yields to animals security from 
beasts of prey, protection from the elements and provision for food 
beyond the natura} expectations, thus tending to prolong life as well as 
to promote the well-being of the animals. The ethical vegetarian is not 
concerned with physiological opinions bearing on the healthfulness of 
plant as against animal albumin, just as the consistent anti-vivisection- 
ist is not concerned with the question whether vivisection has resulted 
in knowledge that leads to the alleviation of human suffering, the cure 
of human disease and the prolongation of human life; even though 
animal flesh be the most healthful of foods, even though vivisection 
lead to the cure of human disease, man has no right to these at the cost 
of aninal hfe. 

When now we turn to the modern science of nutrition, and ask the 
question: Is a vegetarian diet physiologically correct, adapted to the best 
purposes of a normal life, capable of sustaining the highest standards of 
growth, health, endurance and longevity? We receive a reply couched 
in no uncertain terms. Yes, a properly selected and prepared vege- 
tarian diet meets completely the highest requirements of a diet. The 
technical reply to the question, stated in untechnical terms, would yield 
something like the following elucidation of the dynamics of nutrition. 
The three main classes of foodstuffs are sugars (including starches), 
fats and albumins, using the last word to correspond to what the 
physiologist terms protein. Since the fats and sugars, whose réle is 
largely that of fuel, are interchangeable to a large extent, and since the 
vegetable fats are in every respect equivalent to the animal fats, the 
question of the adaptability of a vegetarian dict resolves itself into the 
concrete question whether plant albumin is the equivalent of animal 
albumin as tissue-builder. ‘The chemical investigations into the con- 
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stitution of albumins, carried out largely during the past two decades, 
have taught us that albumins are composed of simpler substances, 
termed amino-acids; the different native albumins are composed of 
many amino-acids in different proportions; and all the chief plant and 
animal albumins are in general composed of the same amino-acids, 
though in different proportions. These amino-acids we term the 
“ building-stones ” of albumin, and, as stated, the plant albumins con- 
tain all the essential amino-acids, the same bnilding-stones that are 
contamed in the animal albumins. When an albumin is digested, it is 
split (torn down) into the component building-stones. These building- 
stones are then absorbed, and with these the body, displaying a specific 
biological selection, builds or forms its own peculiar albumins. In 
other words, the building-stones are comimon to all albumins, the chem- 
ical and biological differences in the albumins rest in the architecture 
and not in the building-stones. Many types of houses may be con- 
structed of brick of a common type; and so many kinds of albumin are 
formed of building-stones of common types; and from the common 
albumins of plants all the building-stones needed in the formation of 
the human albumins are to be obtained. It is clear therefore that it is 
quite immaterial to the human body whether it forms its tissue albu- 
mins from amino-acids derived from the digestion of animal or plant 
albumin, 7. ¢., these are equivalent in their nutritive values. These 
purely physiological and chemical data, abundantly sustained by labora- 
tory researches and animal experimentation, confirm as well as eluci- 
date the now widely made human experience that a properly selected 
and prepared vegetarian diet is a complete diet for all conditions and 
periods of life, beyond the lactation term of infancy. 

Ts a purcly vegetarian diet better than a mixed diet, a diet contain- 
ing a reasonable amount of albumin of animal origin? To make the 
auestion physiologically fair (since meats are often hugely overeaten), 
the ration of albumin in the two dicts must be such as scientifie investi- 
gations have shown to be sufficient and normal. Possibly a gram of 
albumin per kilo of body weight per day (equivalent to eleven ounces 
of meat per day for a body of 150 pounds) may be aecepted as the 
normal total ration of albumim. ‘There are absolutely no data of scien- 
tifie nature or reliable observations in practical experience tending to 
show that either of these dicts is in any way preferable physiologically 
to the other. It is apparently immaterial to the body of a hundred and 
fifty pounds whether m a properly selected and prepared dict the 2.2 
ounces of albumin are exclusively of plant origin or partly derived from 
flesh. Since all cereals and vegetables contain albumin, a mixed diet 
always contains both plant and animal albumin, the ration of the latter 
of which would naturally run six to eight ounces of meat per day. I 
have used the words properly selected and prepared. It is obvious that 
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the meats must be free of decomposition and properly cooked. It is on 
the other hand, possible for a vegetarian diet to disagree, if, as is often 
the case, the attempt is made to derive the larger part of the needed 
albumins from the legumins, peas and beans. For the vegetarian above 
all others, bread is the staff of life, and cereal albumin must remain the 
chief dependence of the consistent vegetarian. 

Modern physiology then teaches that there is no demonstrable basis 
for the so-called physiological vegetarianism. It teaches further, how- 
ever, that the assumed distinction, made for the convenience of arbi- 
trary vegetarians, between the flesh of animals and the albuminous 
products of animals (milk, cheese and eggs) is unfounded. The casein 
of milk and the albumin of the egg are as distinctive and specific bio- 
logically as are the muscular tissues of the animals from which they 
are derived. Every reason advanced, or assumed to exist, opposed to the 
use of beef as albumin for the human diet must hold with equal force 
against the use of casein of the cow’s milk; every argument against the 
breast of chicken must hold against the egg of chicken. Asa matter of 
fact, as stated above, there is no physiologically valid argument against 
either beef or casein, against second joint or white of egg. 

Since it is apparent that physiological vegetarianism is merely a 
scientific error and that vegetarians from gustatory taste or from es- 
thetic considerations are merely instances of arbitrary individualism, 
ethical vegetarianism alone remains to be considered. This is in its 
tenets and conelusions a logical system. Is it susceptible of consistent, 
world-wide application? We will not attempt to discuss the large ques- 
tion as to man’s relations, biologically and ethically, to the lower ani- 
mals, concerning which the Christian and Buddhistic teachings are dia- 
metrically opposed. Assuming that the system were rigidly and 
consistently applied to the entire population of the earth, two main 
problems would be presented. 

Is the production of plant albumin on the earth sufficient to meet 
the albumin needs of the earth’s inhabitants ? 

What transformations would result in the customs, industry and 
cominerce of the world, in the sociology and economics of the nations 
of the earth? 

Before these two questions can be discussed, we must be clear as to 
exactly what would be demanded in the carrying out of consistent 
ethical vegetarianism. It would be permissible to domesticate animals, 
to employ them in service and to utilize the products of their life. It 
would not be permissible to kill animals either for food or for the prod- 
ucts of their bodies. The use of milk, butter, cheese and eggs would be 
permitted; the utilization of fur and leather would be excluded. An 
exception might be claimed in the case of leather, that it would be per- 
missible to use the pelts and hides of animals that had died of old age 
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and of natural disease. Practically, however, this would be of little 
difference ; the leather made from the hides of animals dead of old age 
would be of so low value as to be almost worthless; and the use of the 
hides of animals dead of disease, many forms of which are infectious 
and communicable to man, would be fraught with danger and difficult 
of execution. Mankind would have to face the problem of clothing 
without the aid of leather and fur. 

Can the surface of the earth (for the fishes of the sea would have 
to be excluded) raise enough grain, fruits, nuts and vegetables, added 
to dairy products, to meet the albumin needs of the present earth’s 
population? Unhesitatingly it may be stated that the area of the 
earth’s surface now under cultivation could not, with the present meth- 
ods of agriculture, dependably produee enough plant albumin to meet 
the needs of the present population. Very large areas of the earth’s 
surface at present produce only grasses, shrubs and trees. Man ean 
neither graze nor browse. At present these plants are consumed by 
cattle, goats, sheep and swine, whose albumin is utilized in turn by man. 
Jt is through the mediation of these animals that the vegetation 
of enormous areas of land is made available for mankind. At present 
probably one half of the albumin needs of mankind are met by animal 
albuinin. To meet these needs with plant albumin and dairy products 
the world’s production of grains and legumins would need to be doubled 
at the least. It is quite certain that this could not, with the uttermost 
efforts of the world’s population, be dependably accomplished at present. 
It is possible that it might he accomplished, with the present methods 
en the present acreage of tillable soil, if no untoward manifestations of 
ihe elements occurred (such as severe winters, unseasonable frosts, 
floods, droughts, storms, excessive heat), with a dependable rain-fall in 
both time and space. But mankind would be yearly at the mercy of 
the elements. To meet fully and safely the needs of the growing popu- 
lation, four scientific advanees of monumental magnitude would need 
to be attained. 

The methods of the cultivation of the soil must be so intensified and 
revolutionized through seientifie investigations as to make the yield of 
the soil less disproportional to its potential. 

The conservation of water must be aecomplished on a scale never 
before dreamed of. 

The world-wide ravages of the parasitic diseases of plants must be 
checked. 

The conversion of inert atmospheric nitrogen into potential soil 
nitrogen must be accomplished wpon a vast scale through microbie and 
electro-chemical agencies. 

The resnlts of the accomplishment of these four advances, judged 
merely from present scientifie knowledge of the possibilities in the four 
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directions, would result in quadrupling the yield of the present area of 
cultivation, and in transferring to the state of cultivation vast tracts 
now untillable or even waste. The difficulties would not be technical, 
but human. To accomplish them the present intelligence of the human 
race, the dependable intelligence of the working race of mankind, would 
be wholly insufficient; the race has not attained to-day the scientific 
stature necessary to reach and pluck these fruits of knowledge. For 
the present, therefore, it is certain and beyond speculation that to place 
the human race upon the basis of ethical vegetarianism would be to 
expose the race to the mercy of nature, just as the vegetarian population 
of India is yearly at the mercy of the yield of grain. 

To dispense with the products of animal bodies would be a task 
trivial in comparison with the problem of feeding. With wools, cot- 
tons, linens and the other plant fabrics, with metals and woods, all 
could be accomplished without great technical difficulties, were pre- 
conceptions once obliterated. From the standpoint of ethical vege- 
tarianism, the wearing of fur, kid gloves and leather shoes constitutes 
fratricide. The number of animal and bird lives sacrificed to-day for 
purposes of superfluous comfort and for compliance with the vanities of 
fashion makes a striking numerical showing contrasted with the number 
of animals slaughtered for the supply of food. The difficulties would 
he in clothing the extremities of out-door workmen; but the problem 
would be solved without difficulty in a world rich in inventive devices 
though poor in large scientific conceptions. 

The results of the world-wide installation of vegetarianism to the 
sociological and economic institutions of the world need but to be 
sketched to be appreciated. ‘The race of swine, as a domesticated family 
would be obliterated, and the number of cattle regulated by the require- 
ments for dairy products. On the other hand, the number of horses 
would need to be augmented to meet the needs of enlarged agriculture ; 
and the number of sheep to meet the increased demands for wool. The 
population of the world would tend to shift in latitude, and the ecom- 
merce of the world would be revolutionized to meet the alterations in 
the currents and articles of trade. Fashions in dress and house furnish- 
ings would be strikingly changed. There is no need to dilate further 
upon these features. Man is to-day a beast of prey. Just as the whole 
map of biology would be changed in the day when “ the lion and the 
Jamb shall he down together,” so the whole face of civilization would be 
given transformed features in the time when man regards the animal 
as a brother and not as a prey. Man is a beast of prey because thus 
the preservation of existence is made easy; vegetarianism would make 
it difficult, and will therefore not be adopted. ‘This carries its personal 
lesson: I, the vegetarian, must not be vain; because it is the meat- 
eating of my brother that makes vegetarianism possible to me. 
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A BUGBEAR OF ECONOMICS 


By Proressor HERBERT ADOLPHUS MILLER 


OLIVET COLLEGH 


A is seems to be peculiarly difficult for men, whether in science, poli- 

tics or religion, to give up a law or doctrine which has become a 
slogan to them, after it can no longer be justified. This is true of the 
law of diminishing returns which economists have considered to be 
fundamental to much of their reasoning. I have been able to find but 
one prominent economist of the present day who has made any definite 
attack upon this “ law.” 

Simon N. Patten, in the “ New Basis of Civilization ” says: 


The law of diminishing returns was discovered by the most stupid body in 
England—a committee of the House of Lords. English agriculture at the close 
of the Napoleonic wars was so abnormal that any one could see how the high 
price of food brought poor land into cultivation. A committee, even if it was 
stupid, could not but stumble on the pertinent facts that formulated the law. 
But their perception of it does not account for its subsequent vogue. The real 
question of control is, Why did a nation, naturally optimistic and in a period 
of rapid industrial advance, accept the hopeless doctrine and permit it to curb 
their thinking for generations? Why also do teachers in America, where notori- 
ously it never has been in operation, hold devoutly to it and spend their time 
expounding a lame philosophy to their classes? 


Professor Patten does not follow this statement with a specific dis- 
cussion as to his reasons, although his whole book is based on the prin- 
ciple of increasing returns. 

I have looked through many books of modern writers on economics 
and find that all lay much emphasis on this law. The following are 
typical definitions from prominent economists. Seligman in his “ Prin- 
ciples of Economies ” says that “ ‘The law of diminishing returns is... 
the foundation of the law of rent. A farmer will some time reach a 
point where it will not pay him to add another laborer or another ma- 
chine to his land because beyond the margin of profitable expenditure 
every additional ‘ dose’ of capital or labor will mean a return insufficient 
to cover cost... . The law of diminishing returns is universal and ap- 
plies to everything that possesses value.” Professor Seager in his “ In- 
troduction to Economies ” says, “ After a certain point has been reached 
in the cultivation of an acre of land or exploitation of a mine increased 
applications of labor and capital yield less than proportionate returns in 
product, it being understood, of course, that no important change is 
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made in the method of cultivation or exploitation.” Carver in his “ Dis- 
tribution of Wealth” goes more mto detail and proves the law with 
mathematical exactness. In fact, he is so clear that he seems to be 
proving the obvious. However, he offers as an excuse that such proof 
would not be needed “ had not certain writers seen fit to deny it because 
it did not harmonize with their views of economics, and certain would-be 
reformers to ignore it because its recognition would interfere with the 
acceptance of their reforms.” 

Such a reformer, I suppose, he would call Wm. H. Allen, of New 
York, who said in a recent article in the Annals of The American Aca- 
demy that “ When John D. Rockefeller said to the world, ‘ There will 
never be enough money to do the world’s uplift work, he started in 
motion forces and doubts and compromises that will do vastly more 
harm to the south than the hookworm.” The reason Mr. Rockefeller 
made such a statement was that he was biased by the law of dimin- 
ishing returns which closes the door of hope, because, as Patten indi- 
cates, hopelessness is inherent in a world of diminishing returns. Many 
who argue for the truth of this law quote not only men of success like 
Mr. Rockefeller, but any business man or farmer who finds himself 
face to face with the law. The difficulty in both cases is that the indi- 
vidual is looking at production from his personal point of view, and not 
from the point of view of production as a whole. The economists, how- 
ever, ought to see principles in the large. 

Scientific laws are much like creeds. Some one has an insight which 
he formulates, and for him and some of his successors the formulation 
seems to satisfy the conditions and the needs. So an economic law is 
the classification of a group of facts as some one’s insight sees them; 
but as with the creed, men may make the fatal mistake of thinking it 
an eternal truth. There was a time when belief in hell fire was an in- 
centive to morality, but now many of us succeed in getting a degree of 
morality when in the state of mind of the small son of a famous mod- 
ern philosopher who asked his mother what hell was. She described it 
to him and at the close added, “ But there are some who do not believe 
this.” The boy replied, “ Mamina, I am one of those.” There was a 
time when the law under discussion had a vital meaning to the race, 
but I am one of those who think that a new formulation is in place, 
that here is a case where orthodoxy does not mean clear thinking. 

The fallacy common to Seligman, Seager, Carver and the others is 
that of emphasizing archaic conditions. Scligman, for example, was 
talking about equal “ additional doses ” of capital and labor; and Seager 
at the close of his definition said, “it bemg understood, of course, that 
no important change is made in the method of cultivation or exploita- 
tion.” Now of what earthly good is a law for such conditions? Tf 
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there is any indisputable fact in the world it is that important changes 
are being made in the methods of cultivation and exploitation, and as 
for equal “ doses” of capital and labor, who is so simple as to think of 
adding them? The question is not that of adding another cartload of 
the old fertilizer to a wheat field, but of adding some new fertilizer, 
exactly fitted to the wants of the crop, by which it may be doubled in 
quantity. It is not a question of adding a man with a sickle, but of 
adding a man with a modern harvester: not of sowing the old seed to 
yield tenfold, but the new seed to yield an hundredfold. Capital is 
multiplying so rapidly that it worries some people, at least, to know 
what to “dose,” and invention multiplies the units of labor so fast 
that they outstrip even our imagination. Now, to be sure, individual 
farmers must have practical methods of directing the expenditure of 
what capital and labor they have, and the law applies to them since 
an individual is more or less in an eddy, just as I am in the matter of 
capital. I have little more than I had before the last multiplication of 
the capital of the world, but I am not so personal as to deny the increase. 
I claim to be part of the age of airships, thongh I have never seen one, 
and am no nearer an automobile than a state of covetousness. I try not 
to be like the woman in a small town who came to me after a lecture 
in which I had said that, since three fourths of the women in that vil- 
lage bought their bread from bakeries where it was made by men, they 
could retain their power over bread making only by voting, she confi- 
dentially told me that she made her own bread, and hence did not see 
any need for women’s voting. It seems to me that an economic law 
ought to be comprehensive enough to summarize the individual cases. 

Professor Carver shows conelusively that in an individual case the 
law of diminishing returns may work exactly. He even shows that 
large-scale production does not overthrow the principle: but he does 
not consider the pertinent fact of modern industry, that invention, or- 
ganization and efficiency make constantly changing conditions, and that 
“equal doses” are out of date. He adimits that the law is more evi- 
dent when applied to stationary civilization, saying, “Jf civilization 
should remain stationary while population increases in density there 
would be a smaller per capita production because of the law of dimin- 
ishing returns. The terrible reality of this law is witnessed by the 
overcrowding of those populations where, as in the unchanging east, 
civilization has become stationary.” I reply, “ to be sure,” but modern 
economics is neither history nor anthropology, and what should be 
taught in our colleges and to business men is a principle that ap- 
plies to a progressive civilization. Again Carver says, “but with 
respect to the livelihood of a complex population considering all its in- 
dustries in a mass, the operation of the law is not so clearly perceived.” 
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Again I say, “to be sure,’ because under such conditions it is not 
operating. And at the end of his long chapter, considering the relative 
productiveness of different sorts of labor, he states, “that nothing 
could prevent its (the former of the cited classes of labor) declining 
relatively to that of the latter class except a radical change in the sys- 
tem of industry, which would call for more than a proportional in- 
crease m the former class.” The contention of this article is that there 
has been this radical change in the system of industry, that increases 
are becoming more than proportional and that we are not yet even in 
sight of the beginning of the end. I am perfectly willing to admit that 
the law of diminishing returns has an illustrative value, but it is taught 
in many courses and economic articles as though the world in which 
we hve were about to suffer from its “terrible reality ” as it would in 
a world of stationary civilization. At a recent large gathering of econo- 
mists there were but two expressed exceptions to the opinion that immi- 
gration was about to become dangerous because the additional numbers 
would make competition too keen. They thus imphed the fear that 
this bngbear law of diminishing returns will soon deprive us of enough 
to eat. The whole difficulty is a mistaking of unjust and unequal distri- 
bution of wealth for an application of the law of diminishing returns. 
I presume that Mr. Rockefeller’s difficulty arises from the fact that 
any other method of distribution than that which has been contributory 
to his own success is inconceivable. But economists ought to be able 
te see production and distribution at the same time and in their 
totality. , 

The Jaw of diminishing returns is intimately related to another 
famous and equally archaic economic law, viz., Malthus’s law of popu- 
lation. The substance of this law is that population tends to increase 
faster than the means of subsistence. ‘There ts something in this. It 
works in determining the number of wolves, but the last census report 
does not show Auman population in America confirming it. It is 
always a great satisfaction to find a single principle which will explain 
a condition: but we are becoming more and more convinced that social 
phenomena are the product of numerous forces and are not reducible 
to a single law. Malthus’s law does not care whether a single family 
has many or few children, but whether population is increasing or 
decreasing. So the law of diminishing returns ought not to be limited 
to individual production, but extended to production as a whole. It is 
quite true that the surface of the earth is limited in extent, and that 
the population of the earth is multiplying: but it is likewise true that 
the sun is losing its heat, and that some time the earth will be unin- 
habitable. Any physicist might logically teach his classes the desira- 
bility that the human race accustom itself to the idea of being frozen 
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out. But whatever the logic of the question, it would and should make 
very little impression on the average healthy-minded individual. Our 
problem presents a very similar situation in which we may justly ques- 
tion whether a healthy-minded person should have any fear about the 
exhaustion of the proper number of food units that may be required, 
even if he is as far sighted as a conservation congress. 

Soon after Malthus had written his book, his theory fell into dis- 
repute because of the opening of the great interior plain of the United 
States. But thinkers soon saw that the principle was just as true as 
before, though the pressure of conditions was temporarily postponed. 
But now that we have come practically to the end of free land we seem 
to be nearer than ever to the threshold of the catastrophe. Even such 
a good thinker as Joseph I. Lee, the Boston philanthropist, feels it, for 
in speaking about immigration he says: 

America is not infinitely large. It will in any case—in what, compared with 
the long future, must be regarded as a very short time—become so crowded that 
any further increase of the population—except at a comparatively slow rate can 
be made only at the cost of lowering the general standard of prosperity. 

Land, however, is only one of the three factors in production. The 
incalculable additions to labor and capital in the last generation are so 
much greater contributions than more land could be that we are getting 
farther and farther away from, rather than nearer to, the catastrophe. 
To return to the analogy of the sun’s heat: it is of course true that the 
sun can not continue to give off heat forever and remain as hot as 
before. But we have an interesting condition arising from the fact that 
though the sun is radiating its heat and thus diminishing its potential 
energy, yet the process of contraction which is taking place within the 
sun causes it to generate heat as rapidly as it is losing it, and while this 
is not a perpetual-motion machine, for the purposes of giving continu- 
ity of heat to the earth it is a perfectly satisfactory arrangement. 

In like manner it makes no difference whether we get more land, or 
more productivity from the same land. Malthus found that population 
tended to multiply by geometrical progression, while the means of 
subsistence multiplied by arithmetical progression. This is true so 
long as the process is on an “ equal dose” basis. But the conspicuous 
fact of modern times is that means of subsistence are multiplying at a 
rate which makes the multiplication of population look like the pace of 
the historic tortoise compared to that of Achilles, whom logic tried to 
keep from catching up. The logic of the law of diminishing returns is 
of the same type. Professor Carver shows that on a certain area of 
land twenty men can produce more per man than fifty, though the 
total production of the twenty men is but 380 bushels compared with 
650 bushels produced by the fifty men. As a matter of fact, in spite of 
Zeno’s logic we know that Achilles could overtake the tortoise, and we 
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likewise know that the 650 bushels are being produced, and that every- 
body has more to eat than formerly. If pragmatism is justified any- 
where it is in such considerations. 

A farmer recently told me that his father paid for his farm, fifty 
years ago, by carrying the mail from Jackson to Grand Rapids, Mich., 
one hundred miles, taking just a week for the round trip. Al! the in- 
formation he carried could now be transmitted by wire in three minutes 
and the increase in the amount now transmitted per man in the mail 
service per week is represented by a geometrical progression with a tre- 
mendous ratio. From this same farm his father hauled his wheat thirty- 
five miles to Jackson, taking approximately fifteen hundred pounds to 
the load, and requiring three days for the round trip. The Michigan 
Central freight can now transport wheat at least sixty thousand times 
faster: so that even though the most liberal division be made as to the 
part contributed by an equivalent of a single man and team now, a man’s 
productivity is multiplied several thousand times. This is what we add 
instead of an “ equal dose.” It may be claimed, however, that the intro- 
duction of the railroad brought a period of phenomenal increasing re- 
turns, but that they were not maintained. It is a fact that there has 
not been an increase in speed at all in proportion to the outlay de- 
voted to increasing speed, and the law of diminishing returns seems 
herein to be finely illustrated. However, increase in transportation does 
not mean simply increase in speed, but much more, it means number 
and extent of persons and things that can be transported in a given 
time. The number of people who have been brought into participation 
in transportation through the extension of the railroads, the increase in 
the power of locomotives, and the organization of the systems, demon- 
strates that the rate of progress has been continuous and of the same 
radical character as the change from stage-coach to express train. The 
exhibition of increasing returns is multifarious. During the Boer War 
I received the evening paper in an interior city at five thirty p.m. and 
read of battles that occurred at six o’clock that same afternoon in South 
Africa. This was in Tennessee near the home of Andrew Jackson who 
fought the battle of New Orleans after the war was over, and he did not 
then hear of peace until several weeks after it had been declared. 

Increase in units of production does not consist merely of adding 
similar units. The saving of time by rapid transportation and inter- 
communication, the organization of capital so that it may be turned 
over several times where formerly it could perform but one service, 
makes a multiplication alinost inconceivable, and every one knows that 
in the region of invention and organization we are just beginning to 
open up discoveries for entry ; while the division of labor and the applica- 
tion of the processes of efficlency-engineering give a potentiality to the 
present units of Jabor that is revolutionary. If we will project our 
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imagination, keeping within the limits of reason, we can predict the 
rate of progress will be continuous. It is quite conceivable that before 
this generation is passed we shall plough with power generated by the 
tides and transmitted by wireless processes, and that radium will be 
harnessed so that its incaleulable energy can be used. With the tre- 
mendous increase in power the surface of the earth can be enlarged 
indefinitely. Why should not the plains of Europe and America be set 
on edge, or why should not artificial heat and Ight make possible sev- 
eral layers of productive soil, and certainly it can be employed all the 
year round! Already sanitation and invention are making possible the 
exploitation of the tropics, the really productive regions of the earth 
which hitherto have been undeveloped. Men can soon work where they 
can not live continuously because they can commute in airships and 
change climatic conditions daily. 

In the light of these facts and fancies let us consider the validity of 
Malthus’s three principles: 

1. “ Population is necessarily limited by the means of subsistence.” 
This is more imaginative than dangerous, for, since “means of sub- 
sistence” is psychological as well as physical, it can not become a 
mathematical term. Nowadays our magazines are telling us that con- 
sumption of one half or one third of the “ means of subsistence ” would 
add greatly to our efficiency. I myself have made a definite reduction 
in the amount of food consumed and thereby multiphed my efficiency. 
Furthermore, it is undoubted that the science of nutrition is going to 
add many units to the food supply by subtracting the injurious, the 
wasted, and the unnecessary. This is the prospect before us, but in the 
meantime, with all the natural forces for multiplication of population 
active, nevertheless the means of subsistence has increased far beyond 
any proportions that have before prevailed. There is not the slightest 
evidence to-day that means of subsistence is directly effecting the in- 
crease In population. 

2. “ Population invariably increases where the means of subsistence 
increases, unless prevented by very powerful and obvious checks.” This 
is so untrue to-day that it is not open to argument. In fact, the por- 
tion of population having the greatest means of subsistence is standing 
still while the poorest furnishes the greatest increase. To be sure, the 
standard of life may be the line at which the force of the means of sub- 
sistence is defined, but this is an artificial line. The rate of inerease is 
not lessened by any powerful and obvious check, and it is not beginning 
to keep up with the rate of increase of the means of subsistence. ‘There 
never was a time when the world was as well fed as at the present. 

3. “These checks and the checks which repress the superior power 
of population and keep its effects on a level with the means of subsist- 
ence are all resolvable into moral restraint, vice and misery.” Professor 
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Patten in his last book, “The Social Basis of Religion,” says, “ Sin is 
misery; misery is poverty; the antidote of poverty is income.” If the 
signs of the times meant anything, there is an Increase in the world’s 
income and a potential decrease in the world’s misery through better 
distribution. Misery, then, with its accompanying vice can not be the 
result of the law of diminishing returns, for returns are increasing. 

Since the means of production are land, labor and capital, and the 
methods of capitalistic-mechanical production increase the possibilities 
of the last two indefinitely, the resources of production show no more 
signs of being exhausted than the heat of the sun. Our census returns 
show that the population of the United States has increased 21 per cent. 
in the last decade, that urban population has increased even more, and 
that many of the best rural districts have lost population; and still 
there has been a disproportionate increase in the amount and variety of 
food. These facts make it absurd to argue that, as applied to produc- 
tion in the large, the law of diminishing returns is a factor to be con- 
sidered. Why then in the teaching of economies, and in business is not 
the emphasis changed so that such a point of view as that of Mr. Rocixe- 
feller may not be attained? For obviously, as Patten says, our modern 
progressive civilization has passed the line of deficit and is capturing 
broader and broader fields of surplus. If we are going to retain a full 
treatment of this law and Malthusianism in our text-books, could it not 
be labeled as a historical condition of which occasional relics may still 
be found? In answer to the argument that it is essential that we take 
the law as a starting point for the explanation of economic phenomena, 
I would reply that the explanation is good only for a condition that is 
stationary and looks to the past. May we not demand that in some way 
economists should frame a law, in which, as in the law of the moving 
pomt by which the hyperbola is traced, the prophecy of the future 
should be as perfectly expressed as the history of the past, and thus 
looking ahead, give us a true description of modern conditions of pro- 
duction ? 
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THE GERMANS AT SCHOOL 


By PROFEssoR HUGO MUNSTERBERG 


HARVARD UNIVERSITY 


T the time of their political weakness the Germans were derisively 
called the thinkers and dreamers. When the other great nations 
divided the world of reality among themselves, the Germans took refuge 
in the realm of fancy. The stronger peoples considered them as the 
members of a rich household look on the poor schoolmaster at their 
table. That time has passed away. The politics and commerce and in- 
dustry of Germany have secured its powerful position in the world, and 
no one doubts the strength of the Germans in the field of the real facts. 
But there was mingled with the derisive mood of previous times a silent 
respect for that German idealism. The name of thinkers and dreamers 
appeared to some, and not to the worst, a title of honor. The world ac- 
knowledged that in scholarship and research and education the Germans 
were able to teach mankind. Their schools were models and their meth- 
ods superior, and in the days of war the world accepted the saying that 
the German schoolmaster had won the battles. How mnech of this honor 
and glory has been left in these days of German commercial, industrial 
and political advance? Ilas the forward striving in the realm of might 
and power meant loss of prestige, and, what is more important, loss of 
true achievement in the field of thonght and edueation, or did the 
progress of modern Germany involve as much intelleetual gain as prac- 
tical profit? The Germans at work easily win the admiration of every 
visitor who goes to their centers of industry. Are the Germans at 
school equally deserving of honorable praise, or are they simply resting 
on their lanrels ? 

The edneational life of a country is always a great organism in 
which all parts are interdependent. ‘here can not be good schools 
without good universities, nor good universities without good schools. 
The quality of the teachers and the quality of the pupils, the general 
education and the special instruetion are all intimately related to one 
another. We must look into this organic system if we want to aseer- 
tain its strength and endurance. <A few educational show pieces are not 
enough. Js there progress and growth in all the essential parts. We 
may begin with the German university, which is, after all, the real heart 
of the whole organism and which had inore direct influence on American 
educational life than any other part of the German educational system. 
Those who built up the great American institutions in the last genera- 
tion from mere colleges into trne universities had received the decisive 
impulses in German academic halls. To be sure in recent years a kind 
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of reaction has set in in America. The tradition that German univer- 
sity work represents the highest standards of scholarship has recently 
been roughly handled by skeptics. Some have claimed that German 
university research is too specialistie and on that account too narrow. 
The German scholars lack the wide perspective which has been char- 
acteristic of so much of the best English work. Others insist that the 
structure of the German publications is formless. They long for the 
French polish and clearness. Some blame the German professors for 
a certain renioteness from life and feel that American scholarship will 
abolish this kind of “ scholarship for scholars” and will again unite sci- 
ence and life. It was inevitable that such a reaction should oceur. The 
young generation of American university instructors found a situation 
entirely different from that which their teachers had found some de- 
eades before. Great American universities had been built up in the 
meantime and had created a new spirit of seholarly independence which 
naturally took the turn of a slight opposition to the former masters. 
But such reactions are only passing moods. Those who know German 
scholarship to-day have no doubt that all these accusations never have 
rad less justice than at present. Certainly German scholarship is 
specialistic, and there will never be any true scholarship which is not 
founded on specialistie work. Any thorough research must be special- 
istic, and research without thoroughness can never secure lasting re- 
sults. But the work of the great German naturalists and historians has 
shown at all times the tendency to wide generalizations, and the present 
day perhaps more than the last half century is again filled with broad 
philosophical endeavor. Still more unfair is the often repeated ery 
against the formlessness of German scholarship. Not every doctor’s 
thesis can be a thing of beauty, but perhaps there has never been a 
time in which the German language has been so shaped by aesthetic 
ideals. The German bookbinders were for a long while notorious for 
tasteless covers, but the general opinion in recent international exhi- 
bitions has been that now no country makes more beautiful bindings 
than Germany. This artistic improvement of the book is not confined to 
the cover. The content of the German book shows a literary finish in 
structure and style which ought not to be overlooked. Finally, as to the 
aloofness of German scholarship, the triumphs of modern German tech- 
nique and medical therapy speak loudly enough of the comradeship be- 
tween science and life. And how could it be otherwise in a country 
which has become so mark-hunting and practical. The best proof of the 
injustice of such accusations and attacks les in the number of Amer- 
ican students who still feel attracted by the German aeademie atmos- 
phere in spite of the wonderful development of American higher insti- 
tutions of learning. 

Last winter there were three hundred American students in Ger- 


604 THE POPULAR SCIENCE MONTHLY 


man universities, and it must not be forgotten that these young men 
and women are not undergraduate college students, but that the German 
university welcomes them only if they can show their college diploma. 
The German semesters correspond to the study in the post-graduate de- 
partments of the American universities. As Director of the Amerika- 
Institut, I wrote to these three hundred delegates of the new world and 
asked them with what training they came and for what purpose, 
whether they felt satisfied or whether they found anything of which to 
complain, what they were doing and what they were intending to do, 
and what they could suggest. The answers display an interesting va- 
riety. ‘he young American scholars came from all parts of the coun- 
try and their favorite spots in Germany are Berlin, Leipzig, Munich, 
Heidelberg and Gottingen. In their studies naturally the German 
language and German literature take the lead, but philosophy, history, 
political economy and, in the line of science, chemistry and medicine 
stand next. Mathematics is also often chosen, and, on the whole, there 
is no corner in the field of learning to which some Americans are not 
turning. Lowest in the list is the study of law, which of course is best 
pursued in one’s own country. As to their aims and reasons for coming 
to Germany, some, to be sure, had no deeper argument than that they 
“had a fellowship,” and some that there “is no special reason.” Some 
wanted to see a foreign civilization at first-hand in order to be able to 
judge more correctly of their own, or to study German in order to 
teach it in Ameriea. But the overwhelming majority insisted that 
there was still superior opportunity for their special branches in Ger- 
man institutions and that the most thorough and deepest preparation 
could still be gained on German soil. The two fundamental tones of 
the replies were given by the one who wrote: “ I came to train myself 
to think independently,” and by the other who wrote: “The best that 
was offered me in the Ameriean Jeeture room, library and seminary was 
the fruit directly or indirectly of German research. I wished to come 
into intimate contact with it.” As to their satisfaction with the results, 
praise and complaint were intermingled. Many asserted that they were 
entirely satisfied, not a few expressing themselves in terms of enthusi- 
asm. Some limited their approval to certain sides: “ Very well satis- 
fied with intellectual side of the university, but have not received much 
help religiously.” Others miss the Ameriean sports or the social life 
among students. Many are dissatisfied with the lack of personal con- 
tact with professors. Again some complain that the student finds no 
oversight and is not called to aecount and that aeeordingly too much 
loafing is possible. Some complain that the attendants do not under- 
stand English or that the libraries do not give ont the books quickly 
enough. Some suggest more opportunities for learning the language, 
others demand the removal of evil soeial influences and student drunk- 


THE GERMANS AT SCHOOL 605 


enness. But there is an almost surprising unity in the instinctive ac- 
knowledgment of the admirable methods of research and of highly 
advanced instruction. This cordial appreciation by those who stand in 
the midst of the German influences corresponds to the judgment of all 
who see German academic life with impartial eves. There is an inten- 
sity in the search for truth and an eagerness for the development of the 
best scholarly methods which is still unsurpassed in the world. 

The weaknesses of the German university are not few. To those 
who come from American traditions the most regrettable difference is 
the lack of interest in the student’s life. The student is practically 
left to himself. This is true as to his social life and true as to his 
studies. No one supervises him, no one cares whether he is industrious 
or lazy, and the result is that many a weak man comes to grief who 
might have succeeded with the help and control of the American sys- 
tem. But these defects of the German university as educational insti- 
tutions are the necessary counterparts of their execllencies as places of 
independent scholarship. The highest goal of intellectual achievement 
will always be reached only in complete freedom, and this freedom 1s 
somewhat dangerous for the weak man. There can be no doubt that the 
German system is indeed much more adjusted to those above the aver- 
age than to those below, and the opposite is true of the American sys- 
tem. But it is not only the lack of personal help and the demand for 
his own activity which is in contrast with the American ample provi- 
sions for intellectual support. Even the choice of the teachers differs 
in the same direction. The American instructor is appointed, above all, 
because he is a good teacher; the German because he is an important 
contributor to the advancement of knowledge. He may be and not 
seldom is a poor teacher. Yet the German university ideal suggests 
that the true student will profit more from the contact with a man who 
has mastered the method of research than with any inferior scholar, 
however effective he may be as a teacher. The American is often no 
less surprised by the way in which the professors are chosen for ap- 
pointinent. The American universities are monarchies. The president 
with his trustees elects a new member of the faculty without being de- 
pendent upon the vote of any professor. In the democratic life of the 
German university the government which has to make the appoint- 
ments is dependent upon the vote of the faculty itself. The professors 
choose their own colleagues. This again in principle indicates the de- 
sire to make the point of view of scholarship superior to every admin- 
istrative question. It can not be denied that in practise it frequently 
looks quite differently. The influence of the colleagues is too often 
exerted in the interest of some groups, cliques and petty prejudices. It 
would he a blessing for many a university faculty in Germany if an 
American president with his great powers stood above them. The Ger- 
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mans themselves are far from considering their universities perfect. 
Intense reform movements are reshaping the entire university life, but 
it is characteristie that no so-called reform propositions are taking hold 
which limit in any way the freedom of study. ‘The Germans do not 
want more examinations by whieh the student becomes more or less a 
school pupil, although they believe in thorough discipline and super- 
vision even in the highest elasses of the Gymnasium, which corresponds 
te the average Ameriean college. The most wholesome change in the 
student life is the quiet but steady repression of the vulgar beer-drink- 
ing habits with all the noisy accessories. The entire student life has 
beeome cleaner and more modern. ‘The old traditions had eome from a 
time when the young academic scholar wanted to emphasize the con- 
trast between his eager life and the dullness of the philistine erowd. 
But modern times have changed this eontrast by bringing life and 
interest and political aetivity into those crowds and the student has 
thus lost his right to live a life entirely different from that of his social 
surroundings. The rush of young Germany toward the university is 
still steadily increasing. There are about 63,000 students in the twenty- 
one high seats of learning, 12,000 in the law schools, 12,000 in the 
medical schools, about 4,000 students of divinity and the remainder in 
the so-called philosophical faeulty which corresponds to the American 
graduate sehool. It is characteristic that the chief increase has come 
to the universities in the large cities in which the old-fashioned student 
life has always played a small réle. In Berlin there are 14,000 persons 
attending the leetures and in Munich 7,000, in Leipzig 6,000. Yet espe- 
cially those universities in smal] towns which are famous for the beauty 
of landseape have had their proportionate growth. In lovely Freiburg in 
Baden the one thousandth student was welcomed with a celebration at 
the time when I came there as a young instruetor. Recently they have 
celebrated the eoming of the three thousandth student. The rapid 
growth of the academic communities strongly suggests the foundation 
of new universities. Miimster in Westphalia grew into a full-fledged 
university only a few years ago, Frankfort-on-Main is at present fight- 
ing with enthusiasm for the development of its academy into a univer- 
sitv. The Prussian Diet is still seriously objecting to this ambition of 
the citizens of Frankfort, as it fears that the smaller universities in the 
neighborhood would be the sufferers, but the university of Frankfort 1s 
surely to come. The saine may be said of the university of Hamburg, 
whieh so far consists of a number of interrelated institutes. But while 
the universities are growing in number and branehing off in new and 
ever new specialties, they are also being supplemented by new forms of 
scholarly activity. The most eharaeteristie new feature which gains 
inereasing importance is the erection of researeh institutes, especially 
in the field of natural scienee and medicine. There investigations can 
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be carried on without any reference to instruction, the scholars are dis- 
burdened from every educational responsibility, and the progress of 
knowledge becomes the only goal. At the same time the number of 
technical schools on the level of the universities has been increased to 
twelve, since those of Danzig and Breslau have recently come into 
existence, and Germany’s famous mining schools, forest schools, agri- 
cultural schools and veterinary schools show the same signs of flourish- 
ing life. 

The greatest change, however, in the academie life of the nation has 
come through the new regulations which link the university with the 
schools. The American schools have usually left a certain freedom in 
the choiee of studies within a single institution. In the same high 
school the boy ean take a classical course or a more realistic course. 
Germany has always had separate schools for the different schemes of 
preparation. The higher schools which engaged the boys to the nine- 
teenth or twentieth vear have always been of three types, the Gymnasium 
which puts the chief emphasis on Latin and Greek, the Real gymnasiuin 
which omits the Greek and emphasizes modern languages and the 
Oberreal gymnasium which has very little Latin but much natural 
seience. ‘They correspond roughly to the American high school and a 
modest American college or the first two or three years of the best col- 
leges. The tradition allowed only those who had the certificate of the 
Gymnasium to take up the study of law, medicine, divinity and philol- 
ogy. The university study of natural sciences and of modern languages 
besides a number of practical callings were the only goals accessible to 
those who came from the other two types of schools. Long struggles 
which exeited all Germany led to the abolition of this monopoly by 
classical education. With the year 1902 the great modern sehool re- 
form began and every year has brought new advanee. ‘To-day prac- 
tieally every boy who has passed through a school of any one of the 
three types finds the doors of the university wide open, whatever pro- 
fession he may choose. It may be too early to judge whether only ad- 
vantages will follow in the train of this reform. There are not a few 
who are afraid that the realistie schooling of the future lawyers and 
government officers may Je a danger for the idealistic character of the 
national life, and there are many who believe that even the physician 
needs to read his Plato in school time more than to begin at once with 
the chemical laboratory. But in any case the great change has brought 
fresh air into the academic halls. The second great change was the full 
admission of women. For a long time they had the permission to at- 
tend leetures but no academic rights equa] to those of men could be 
acknowledged for the women students until they should bring to the 
entrance door of the university the same certificate as the boys were 
expected to bring from their schools. The real advance of the women 
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in the university sphere depended upon the estabhshment of girls’ 
schools which would lead to exactly the same goal as the Gymnasium 
for boys. This was at last accomplished by the splendid organization 
of girls’ instruction of three years ago. 

Prussia has now four types of higher schools for girls, each of which 
may be divided into various independent departments. In the center 
stands the upper girls’ school, a somewhat revised edition of the tra- 
ditional German school for girls. There are ten elasses which are 
usually passed through in the period from the sixth to the sixteenth 
year. The first three classes are preparatory, with eight to ten hours 
a week instruction in the mother tongue, three hours arithmetie every 
week, two to three hours writing, two hours needlework, three hours of 
religion, which is an organie part of every German school, two half 
hours of singing, two half hours of gymnasties and some drawing as 
well. In the seven upper classes the German language takes six, five 
and finally four hours a week, and French exactly the same number, 
altogether thirty-two hours each in those seven years. English is tanght 
in the four upper classes only four hours a week, mathematics three 
hours a week throughout, geography two hours through the seven years, 
natural history two hours, religion two hours, drawing two hours, sing- 
ing two hours, gymnastic two hours, needlework two hours, but this is 
no longer obligatory in the four upper classes. Those who have passed 
through this ten years’ course may enter either the so-ealled Frauen- 
schule or the Seminary or the Studienanstalt. The first is planned to 
complete the edueation of a young woman who seeks a higher training 
without any professional aim. It is adjusted to the needs of women 
who are to play an intelligent rdle, not only in the home, but also in 
social life. It is in no way a finishing school for one who aims to shine 
in society, but meant for those who really want to serve. It is usually a 
course of two years in which pedagogy, household economy, kinder- 
garten work, hygiene, political eeonomy, eivics, bookkeeping and needle- 
work stand in the foreground, while modern languages, history, ltera- 
ture, natural science, art, drawing and musie are relegated to the 
position of minor electives. The Seminary, on the other hand, is meant 
for those who aim to become teachers of the lower schools. It demands 
three years’ scholarly work and one year of practical training in schools. 
In those three years of theoretical study, French, English and mathe- 
matics take four hours a week each year, German, natural science and 
religion three honrs a week, pedagogy, history and geography two 
hours. In their fourth year, the practical term, the candidates study 
pedagogy and methods of teaching seven hours, eight honrs a week 
thesis writing, six hours training in practical class work and six hours 
training in the practical methods of the various subjects. including 
laboratory experiments. In addition to all this, through the four years 
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there are three hours of gymnastics, two hours of drawing and one 
hour of singing. For the friends of women’s progress, however, the 
ehief accent of the system lies on the Studienanstalt. It is a school of 
six classes demanding six years’ work open to those who have passed the 
first seven classes of the higher girls’ schools. The three highest classes 
of the girls’ school are then skipped, and instead of them the six years’ 
eourse undertaken. This, however, is again divided into three separate 
schools corresponding to the Gymnasium, the Real gymnasium and the 
Oberrealschule of the boys. In the Gymnasium course during those 
six years the girls have three hours a week German, six hours a week 
Latin, at first three, Jater two hours French, in the first two classes 
three hours a week English, in the last four classes eight hours a week 
Greek. Through all the years there is history two hours, mathematics 
first four, later two hours, religion two, geography one, gymnastics three 
and drawing three. In the Real gymnasium the girls have no Greek 
whatever, but throughout six hours Latin, three hours French, three 
hours English and somewhat more mathematics and natural science 
than in the Gymnasium course. Finally in the Oberrealschule Latin 
too is omitted while both French and English are increased to four 
hours a week, mathematics to five, natural science to four and German 
also to four. This new plan adapts itself most successfully to the vari- 
ous needs, and the only danger hes in the fact that inasmuch as these 
three last types of schools open wide the way to the professional studies 
of the universities the number of academically trained women may soon 
by far surpass the demand of the community. 

This vivid activity in the direction of liberal changes through gov- 
ernmental initiative does not exclude an abundance of efforts to break 
new educational paths. For instance much interest is centered nowa- 
days on the so-called reform schools. They aim toward postponing 
the decision for a particular type of school as late as possible. The 
usual schools are different from the start. The classical schools begin 
with their Latin in the lowest classes. The reform school systems, of 
which the model was the city school svstem of Frankfort, have a common 
foundation for all schools, reminding one in this respect of the Ameri- 
ean principle. The much-discussed Frankfort plan in the first three 
classes gives to all the pupils in common five hours German, six hours 
French, two hours geography, five hours mathematies, two hours of 
natural science, two hours of writing, three to two hours of religion, 
three hours of gymnastics, two hours of drawing and two hours of sing- 
ing. Only with the fourth class does the lifureation begin. In the 
classical course the fourth class begins at once with ten hours Latin 
and the sixth class with eight hours of Greek, while in the realistic 
course the Latin is started in the fourth class, with eight hours going 
down to six, and the English begins in the sixth elass with six hours. 
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There is still much distrust of this apparently very reasonable proced- 
ure. Every one feels that the momentous decision of the character of 
the edueation ought to be made at an age when the individual differ- 
ences show more clearly than in the first years of school life, but the 
friends of the traditional Gymnasium are still convinced that a 
thorough classical training in accordance with the old German ideals 
ought to shape the mind of the youth in the characteristic way from a 
tender age. There the German school men still stand in the midst of 
passionate discussions. 

But the intense pedagogical forward movement of the German 
people must not be studied only in the programs of the official schools. 
After all they represent the conservative aspect. The most progressive 
changes which would upset the traditions altogether are expressed in 
private institutions, usually the creations of enthusiastic idealists. They 
feel that there is a deep-lying antagonism between the claims of the 
official sehool and hundreds of thousands of hopes. Undoubtedly a 
large part of the nation is convinced that the whole school system is 
antiquated and too little adjusted to the needs of the new Germany. 
The schools still carry with them too much of that Germany which lived 
and thought but which was politically powerless and in the practical 
world helpless. The new German who does not look into the clouds 
but prefers to stand with both feet firm on the ground wants knowledge 
of natural science instead of languages, wants development toward 
national patriotism instead of religion in school, and wants civics in- 
stead of archeology. The center of it all is the firm demand that the 
youth be prepared for the national life with its social demands and its 
realistic energies. The character is to be developed still more than the 
intellect, and the mind is to be schooled for a time which overstrains a 
man unless he is trained for concentration. Of course much super- 
ficiality and pedagogical amateurishness are in play there. Especially 
the educational value of the natural sciences is still a very doubtful 
claim in the eyes of those who have really watched the outcome. But 
in this point too the serious reformers propose a fundamental change. 
They say that natural sciences are indeed without fundamental signifi- 
cance for the mind of the youth if the instruction means only a heaping 
up of information. In these days of rapid naturalistic progress the 
temptation is always great to bring the boy in contact with as many 
fields of positive knowledge as possible. But there is too much kaleido- 
scopic unrest in this superficial excitement of the intellect to bring any 
lasting gain. ‘The new leaders therefore wish that knowledge be con- 
sidered as unimportant and that the mastery of method and of nat- 
uralistic thinking alone be emphasized. The boys are to learn how to 
learn from nature. And in a corresponding way these groups of re- 
formers wish to change the teaching of history. The children are not 
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to learn the facts but the methods to find out the true facts from various 
sources. ‘They are to be brought into contact with the old reports by 
which the events of the past are transmitted. The knowledge of the 
languages ought to be gained by practise in conversation, the knowledge 
of the earth by wandering and living in nature. 

This is typically combined in the much-admired institutions of 
Dr. Lietz, the so-called Landerziehungsheime, educational homes in 
the country. Lietz was a young enthusiastic teacher who was moved 
by the ideal of building up healthy, strong, joyful, energetic and judicial 
men who would be in sympathy with their fellow creatures and under- 
stand the needs of the common people, and yet who would be inspired 
by art and science and technique. He has created in the loveliest 
regions of Germany three national schools, for the youngest children 
between seven and twelve in IJ]senburg in the Hartz, the second in 
Haubinda in Thuringia for the boys between twelve and fifteen and 
the third in the castle of Bieberstein in the Rhon Mountains for boys 
between sixteen and twenty. All three places are far removed from the 
turmoil of the world, and the boys find there a most harmonious 
interconnection of intellectual training, handicraft work, agricultural 
activity, sport and inspiring social intercourse between teachers and 
pupils. It is a delight to see those happy youngsters under conditions 
in which their natural instinets for out-of-door life and for social com- 
panionship, for manual activity and for sport, are so wholesomely satis- 
fied and at the same time where their intellectual development is 
secured by individualizing training in scholarly method. They learn 
really to love the literature and the history of their country and to 
become personally interested in the political and the economic structure 
of their nation. Their minds are opened to music and art, to religion 
and morality. Small groups of them undertake walking trips not only 
into the near neighborhood, but to far-distant parts of the fatherland 
in a simple camping style. Sometimes even long journeys to Egypt 
and elsewhere have been undertaken in the vacation time. ‘Truly it is 
an ideal method to develop a healthy mind in a healthy body. Whether 
it will become the crystallization point for general educational changes 
in Germany is, however, more than doubtful. So far these reforms are 
in an uphill fight. They suffer from that which they feel as an unfair- 
ness, namely, from the fact that their schools must lead the boys to the 
same examinations which the regnlar school boys have to pass if the 
pupils are to go over to the university or to any other official career. 
This demands that in the last years much cramming be introduced and 
that features be forced on these new boy paradises which seem very 
foreign to their spirit. They demand, accordingly, new regulations 
which will give to the new types of schools more appropriate examina- 
tions as end points. As long as this is not granted, these schools remain 


612 THE POPULAR SCIENCE MONTHLY 


confined to narrow circles. But more important perhaps is the second 
fact. The Germans feel on the whole very unwilling to give their sons 
and daughters out of the house, if the education can possibly be obtained 
in the neighborhood. The system of the American academies and 
boarding schools is contrary to all German traditions. Hspectally in the 
large cities in which the Americans are most readily inclined to send 
their children away for the educational years, the Germans would least 
think of separating the youth from the home. 

It may seem surprising to American observers that in the abundance 
of educational schemes which recent times have ripened in Germany 
nowhere has a serious movement toward coeducation been started. In 
a very modest way it has been forced on the communities in those places 
in which girls want to be prepared for the university but where no 
special Gymnasium classes for girls have been arranged. Just these 
exceptional cases however hasten the establishment of special Gym- 
nasiums for women. The German community is decidedly unwilling 
to gather in one schoolroom boys and girls beyond the age of the ele- 
mentary school. They do not object to the coeducational instruction 
of small children in rural schools. This is a frequent practise. Nor 
do they object to the comradeship of young men and women on the 
level of the highest university work. But in the broad period of the 
development of adolescence they believe in strict bieducation. Even 
when the material of study is the same, differentiation of method is 
demanded and German pedagogues decidedly object to women teachers 
for grown-up boys. The fact is that the new girls’ school plans, even 
where they lead to exactly the same goal as the Gymnasinm or the Real- 
schule, distribute the material in a characteristically different way from 
the program of the boys’ schools. They acknowledge the psychological 
laws of the different rhythm of the development of the two sexes. The 
well-known suggestion that the boys become refined and the girls 
strengthened through the presence of the other sex is the more power- 
less since the educators feel justified m reporting that even America, 
where the experiment has been tried most extensively, is In a stage of 
reaction against the coeducational enthusiasm. 

Whoever looks at the free play of educational energies in Germany’s 
social organism is probably most impressed by the strong activity out- 
side of the regular day schools. Jnstrnction for those who go to school 
beeause they have not yet entered a practical life work is furnished 
everywhere in the world, but no country shows snch systematic educa- 
tional planning for those who have left school and are at work in 
business or in factories, in agriculture or in any other calling. The 
splendid development which this type of pedagogical influence has found 
in recent times has been to a Ingh degree due to a reaction against grave 
misuses in the past. In early times, to be sure, the boy who left the 
primary school was under the strict control of the master in the work- 
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shop or in the business. But the nineteenth century changed those 
paternalizing conditions and brought complete freedom. The result 
was a steadily growing insubordination and obstinacy, frivolous breaches 
of contracts and unreliability, together with a craving for enjoyment on 
the moral side, and a lack of careful training on the professional side. 
The community felt this inability to get hold of the boys who had left 
school as one of the most serious national dangers. In response to this 
need the continuation schools were founded which are to develop the 
youth after the school years in moral, practical and intellectual respects. 
The essential difference from all other schools lies of course in the fact 
that these take only a fraction of the boy’s time in order not to interfere 
with his work. But they receive their real social background by the 
legal obligation of the employer to give to every boy the opportunity to 
attend these school classes. Compared with the general elementary 
school, the continuation school is professional, while the other is a 
humanistic school. On the other hand, compared with the real tech- 
nical schools both lower and higher, it combines the technical instruc- 
tion with general education. But, above all, the technical schools de- 
mand for some years the whole working time of the pupils, while the 
continuation schools are only supplementary to the chief business of the 
boy. The technical schools, such as for instance all the agricultural 
schools or the special industrial schools or the commercial schools, are 
strictly professional; the continuation schools are essentially educa- 
tional. It may be said that even the technical element in them becomes 
subordinated to the aim of making a whole man and not only a skilful 
worker out of the boy who has left the school in his fourteenth year. 
The principle of this continuation school has conquered all Germany, 
but the realization of it looks very different in the varions parts of the 
country. In some, the communities are forced by law to establish such 
schools, in other parts the towns are free to arrange them according to 
the local needs. On the whole this difference secms less Important, as 
the continuation schools are flourishing wonderfully in some parts in 
which the laws give large freedom in the matter to the community. 
The point about which the discussion at present seems much more 
excited is the question whether the school teacher or the man of prac- 
tical life, the master in the arts and crafts, the business man, the farmer, 
the industrial specialist, is to be the decisive factor. The men of the 
workshop complain that these schools become worthless as soon as the 
methods and the points of view of the school teacher control them, and 
the opposite party believes that the highest value is missed if the spirit 
of the factory and not that of the schoolroom enters into them. 

As the continuation schools were to serve the needs of young people 
in many different walks of practical life, the schools themselves had to 
develop an almost unlimited manifoldness. A subtle adjustment to the 
local conditions as well as to the varieties of industry and trade had to 
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be aimed at. Continuation schools for candy makers and continuation 
schools for shoe makers had to be different. There are five chief types: 
the general continuation school, the commercial, the industrial, the 
rural and, exclusively for girls, the household economy school. Each 
of these types is realized sometimes in schools of obligatory character, 
and sometimes in schools where the attendance is voluntary, as well as 
in schools with prescribed courses, and in others with great freedom of 
election. The most famous system of continuation schools, the discus- 
«sion of which has had most valuable influence on the whole German 
situation, is that of the city of Munich, where the indefatigable superin- 
tendent of schools, Dr. Kerschensteiner, has succeeded in a perfect 
adjustment of educational needs to the practical requirements of the 
community. Particularly his industrial continuation schools have been 
organized in such a way that almost every important business is repre- 
sented by special classes for apprentices and special classes for journey- 
men and older working men. There are classes for chimney sweepers 
and for cabinetmakers, for coachmen and for ivory carvers, for watch- 
makers and for photographers, for tailors and for locksmiths, for barbers 
and for gardeners, for office boys and for waiters. There are altogether 
two hundred and ninety-six classes for the first years and one hundred 
and thirteen classes for those who are beyond the years of apprentice- 
ship. About ten thousand boys are regularly attending. Every class 
has a careful program in which elements of general human education, 
elements of technical theoretical information and technical practical 
training, and finally elements of civic and sociological instruction, are 
harmoniously combined. This blending of different factors shows itself 
in the appointment of teachers. In the two hundred and ninety-six 
classes for the younger boys, for instance, we find seventy-seven general 
and thirty-seven technical teachers who devote to the work all their 
time and two hundred and twenty-one elementary-school teachers and 
one hundred and eleven technical and professional teachers who give 
instruction in their specialties as a side function, and one hundred and 
sixty teachers of religion. The essential point for an American spec- 
tator is, however, that the instruction for those thonsands of young 
people in the midst of their practical life is given in the best hours of the 
day, cither in the morning or in the afternoon, and that the employers 
are obliged to give them the opportunity to attend from six to ten hours 
a week for four years. Obligatory instruction in the evening when the 
young people come fatigued from their daily labor is excluded by the 
scheme. ‘There is perhaps at present in the system of German school 
work no feature which so much deserves the attention of the American 
reformer as this whole plan of continnation schools as developed in the 
city of Munich and as more or less similarly organized in a large number 
of German cities. 
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THE STATIONARY POPULATION | 
OF FRANCE 


This state of affairs is causing much 
| anxiety in France; it is diseussed in 


GERMANY and France have happily 


settled their differences in regard to. 
of Paris. 


Moroceo; but the German chancellor is 


charged in his own country with yield-| 


ing not to France, but to Great Britain. 
peculiar to France, but rather because 


France, which a hundred years ago 
lorded it over the Germanie nations and 
forty years ago believed that its mili- 
tary forces were superior to those of 
the German empire, has now almost lost 
its place among the great nations of 
Europe. Paris is nearly the same city 


city. This alteration in the position of 


France is due to its stationary popula- | 


tion. At the end of the last century 
the population of Franee formed one 
quarter of that of the eivilized powers 
of the world, while at present it has 


fallen to seven per cent. 
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detail in a recent book by Dr. Jacques 
Bertillon, chief of statistics for the eity 
The data which he reviews 
in detail deserve consideration not go 
much because, as he claims, they are 


Franee has been first to exhibit a state 


of affairs likely soon to be evident 


everywhere. The charts here repro- 
duced show the birth rates and death 
rates of four nations during the second 
half of the nineteenth century and the 


; tis birth rates in the different regions of 
it was forty years ago; Berlin is a new. 


France for the first and last decades of 
the nineteenth century. It is almost 
incredible that there should be depart- 
ments in which there are three deaths 
for every two births. In Lot the pop- 
ulation has in the course of twenty 
years decreased from 271,514 to 216,- 
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BirtTH RATES IN THE FRENCH DEPARTMENTS 


Every nation except France is in- 
ereasing in population; but the birth 
rate is decreasing everywhere. Statis- 
ties can be misapplied to almost any 
purpose. Thus sinee 1876 the birth rate 
for France has decreased from 25 to 
21 per thousand, whereas for England 
it has decreased from 36 to 27, and it 
might be alleged that, should the same 
decrease continue, the birth rate after 
an equal period would be about the 
same for Franee and England, and 
about a hundred years thereafter would 


be 5 in France and less than nothing | 


in England. This is obviously absurd, 
but it is by no means unlikely that the 
birth rate will fall below the death rate 
in all civilized nations and later in 
other nations as they 
within the circle of European civil- 
ization. 


The inerease in population during 


recent years has been due to the de- 
creased death rate. 
directly from the applications of  sei- 
ence to medicine and hygiene and indi- 
rectly from the improved conditions of 


living which science has made possible. — 
In all civilized countries the birth rate_ 


are brought | 


This has resulted 
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is now smaller than the death rate was 
formerly. But the death rate ean not 
decrease indefinitely; it has indeed pos- 
sibly reached in Great Britain a lower 
level than can be maintained. A death 
rate of 16 per thousand in a stationary 
population means that the average 
length of life is over 60 years and as 
one fourth of those who die are under 
five years of age the average age at 
death of those surviving infaney would 
be about 80 years. Odd as it may ap- 
pear at first sight the decreased death 
rate of a country such as Great Britain 
is largely due to a decreasing birth rate 
combined with an increasing popula- 
tion. Such conditions give a popula- 
tion in which there are fewer children 
under five and fewer old people over 
sixty, in which groups the death rate 
is about 60 per thousand, whereas be- 
tween the ages of 5 and 35 it is below 
5. In France there are fewer children 
than have ever existed in any popula- 
tion, which reduces the death rate; but 
there are more old people—twice as 
many as in Great Britain—which in- 
creases it. The proportion of old 
people will further increase in France, 
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and will be tripled in) Gaveat Britain. 
Tt should also be remem] ered that the 
death of those 45 


creased continually, owing mainly 


in- 
to 
the keeping alive of weakly peoole at 


late over fhets 


earlier ages. 

It seems unlikely that the death rate 
will ever Te considerably simedier thi 
it now is in Wneland, whereas the con- 
the birth 


rate seem destined uot only to continue 


ditions whieh have lowered 


but to increase. The phlysiologiesd lime 


itations will doubtless inerense as ehil- 


dren grow up whe could uot be ler 


naturally or be nursed naturally or live 
the that 
formerly obtained, uid 


harsher conditions 
The 


inerense 


through 
eromonile 
sauises——the mud wider 
of 


will 


soulal 


ditfusion wealth, prudence and 


knowledge almost surely become 
more poteut. 
Dr. Bertillon the 


vauses of the depopulation of France 


diseusses in detetl 
sid the measures whielh he recommends 
to it. The latter 


feelde in comparison with the former, 


arrest aie indeed 
and he puts on tis title page the pessi- 
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THE NiNETERNTIE CENTURY, 

dvespérer pour entrependie ui de réus- 
siy pour perseverer.’’ Apart from a 
moral regeneration leading people te 
want to deo what they can rather than 
to wet what they can, the remedy is in 
the direction recommended in the book, 
but requires fur more radical measures. 
Childien are no longer a financial asset 
to their parents, but they are this to 
the state 


must ultimately pay for their birth and. 


the state and te the world; 


reuring, 


TITE 
OF 


ZOOLOGICAL LABORATORY 
THE UNIVERSITY OF 
PENNSYLVANIA 

Fecr of the leading eastern univer- 
sities——Penusvilvania,  -lohns 
Yale 
new laboratories for their departments 
At the Johns Hopkins the 
laboratory is part of buildings planned 


Tlopkins, 
have 


Princeton  anel provided 
oT zoology, 


for the whole university on its 1vemeval 


to ou new site. At) Princeton eat 
Inuldings linve been erected for the 


natural scienees and = for plysies, sud 
similar buildings are in course of eree- 


tion for Yale. Phe new building at the 
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ZOOLOGICAL LABORATORY 


OF THE 


University of Pennsylvania, shown in 
the aceompanying illustration, is the | 
largest and best equipped building in 
this conntry, if uot in the world, de-. 
voted wholly to zoology. 

The architecture is of early English 
Renaissance, with walls of red briek in 
a variety of shades trimmed with Indi- 
ana _ The front facade, 
facing the north, is 216 feet in length; | 


limestone, 


the south wing eonnects with the vi- 
The form of 
the building and the large windows 


varium erected in 1900, 


Excel- 
Jent as are the architectural effeets they 
have in all eases been adjusted to the 
needs of the seientifie work. The unit 
system of constrnetion has been fol- 
lowed, so that rooms are of standard 
size and partitions can be readily added 


give ample light to all rooms. 


or removed, 


9O7 
B24 


stu- 
dents and the sinuller sixty, while the- 


The large lecture room seats 


laboratories may also le used for Jee- 
tures. Ample space is provided for the 
library and for a synoptical museum, 
but dupleation of the exhibition mnu- 
seums of the Academy of Natural Sei- 
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UNIVERSITY OF PENNSYLVANIA, 


ences was wisely avoided. The elemen- 
tary work is confined to the first floor, 
with four laboratories for general zool- 
ogy, leaving the two upper floors for 
advanced work and research. The base- 
ment contains rooms for breeding, eon- 
stant temperature, photography and 
other purposes, the heat and light being 
supphed from a central station. 

The United States would make un- 
paralleled eontributions to the advance- 
ment of science if these follow in pro- 
portion to the material equipment of its 
universities aud government bureaus. 
Bnt men are more important than their 
tools. It happens that of the great 
universities of the Atlantic seaboard 
the two—lIfarvard and Columbia 
which lead all others in their zoologieal 


work are the only ones not having new 
laboratories. They will doubtless soon 
have them, Fut how mueh their investi- 
gations will be aided by the building, 
equipment and care of new laboratories 
is an open question. At Pennsylvania 
there is only one full professor of zool- 
ogy. ‘The interest on the eost of the 
Inilding and grounds and the charge 


PLAN OF 


THE PROGRESS OF SCIENCE 


for care and depreciation is much 
larger than the salaries paid to the 


teachers and investigators who oceupy | 


the building. The writer has good 
reason to remember well the old Biolog- 
ieal Hall of the University of Pennsyl- 
vania. It cost perhaps $30,000; it was 
likely not only to burn down but to 
tuinble down. Yet in that building 
some twenty years ago worked Leidy, 
Cope and Ryder, with two other pro- 
fessors in the zoological sciences, two 


professors of botany and a professor of 
psychology, all actively engaged in re-. 


search work. Onur universities doubt- 


less need big buildings, but the need . 


of great men is far more urgent. 


SCIENTIFIC ITEMS 
WE record with regret the deaths of 
the Rev. Henry C. MeCook, of Philadel- 
plia, 


popular entomology; 


amet 


eas 


au a 
ane 


- 


known for his publications on | 
of M. 


Louis-; the people of the United States, 
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Joseph Troost, the eminent French 
chemist; of Professor August Michel- 
Levy, the distinguished French geolo- 
gist; of M. Alfred Binet, director of 
the psychological laboratory of the 
University of Paris; of Dr. Wilhelm 
Dilthey, formerly professor of philos- 
ophy in the University of Berlin; of 
Dr. J. UWughlings-Jackson, F.R.S., emi- 
nent English neurologist, and of Pro- 
fessor Florentino Ameghino, the well- 
known paleontologist and director of 
the Museo Nacional in Buenos Aires. 
MR. ANDREW CARNEGIE has given 
$25,000,000 to the Carnegie Corpora- 
tion of New York, incorporated by the 
legislatiure last June. The objects of 
the corporation are ‘‘receiving and 
maintaining a fund or funds and ap- 
plying the income thereof to promote 
the advancement and diffusion of 
knowledge and understanding among 
by 


ie 
¥ | 
“ig 


0 


tc 


~ 
*, 
= 
a 


— ———— 


OF THE UNIVERSITY OF PENNSYLVANIA. 


620 


aiding technical schools, institutions of 


higher deamning, libraries, scientific 


researeh, here funds, useful 


trons, aud by such other means as shall 


from time to tune be found appro- 


priate therefor." * 


By the will of Mr. Joseph Pulitzer 


the million dolars which he had set 
aside for oa Sehool of Journalism at 


Columbia University is released, anid 
the promise of an additional million ou 
that the he 
fully conducted for three years is con- 
£250,000 — is 


University to 


condition school SUCCESS - 
firmed. 

Columbia coutinue the 
speci scholarships for students of the 
New York public schools, $500,000. is 
the Mu- 
seum) of Art and an equal sum to the 
of New York. 
The income to be paid to two of his 


hequeathed to Metropolitan 


Phillarmoanie Society 


sons is limited until they have reached 
the age of thirty, and the balance is to 


he divided between Columbia Univer- 


CLE POR Ele SCL NC 


publica- | 


hequeathed to. 


WOM TH BY 


sity. the Metropolitan Museum of Art 
aud the Philharmonic Society. This 
umount may apparently exceed $500, 


OOO annually. 
THE will of 
Woerlshoffer 


trustees of 


Emma Carola 
$750,000 to the 
Mawr College, of 
whieh she was a recent graduate. 


Miss 
leaves 
Bryn 


THE estate of John S, Kennedy is 
even darger thau has heen previously 
The share of Columbia 

$2,420,948. The New 
York VPubhie Library receives $2,779,- 
790; the Metropohtan Museum of Art, 
$2,920,945; the Presbytertan [lospital, 
#1514.08S6; New York Untversity and 


announced, 
University is 


the Preshyterian Board of Aid for 
Colleges, each $976,647; Robert Col- 
lege, Coustanttnople, $1,847,295. The 


specific bequests, not dependent on the 
size of the size of the estate, inelude 
£100,000 each to Yale, Amherst, Dart- 
mouth, Bowdoin, Tlamilton and Glas- 


gow, 
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